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PREFACE. 


Tins book consists of a senes of Ihiity lectuies designed a 1 
an Introductory Course in Botany for Medical and othe 
Science Students Piactical work is outlined to illustrate 
each lectuie 

At the outset the use of the microscope is treated, anc 
special consideration is given to micioscopic measuremen 
and to the reconstruction of micioscopic objects in the 
solid 

The plants chosen as subjects of study are necessarily 
limited m number They hfive been selected, as fanly 
repiesenting some of the moie impoitant subdivisions o 
the vegetable kingdom, and as being, at the same time 
easy to piociue Attention is directed only to those point 1 
of their structuie, life, histoiy, and manner of living whicl 
aie necessaty in ordei that the student should appreciatt 
some of the general principles of morphology, physiology 
and evolution. 

The lectures deal first with the simpler forms, amon£ 
which are to be found some of the most important so fa 
as geneial biology is concerned They then pass on to th< 
more complicated, and gradually lead the student to som< 
knowledge of the development, structure, and physiologj 
of the highei plants. 

The arrangement of the course is the result of many yean 
teaching experience, and m its present form has been fount 
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LECTURE I 


It is convenient to begin the study of plants with the simplest 
The most simple are as a lule the smallest 

To make out the structuie of these veiy small plants the use of 
a micioscope is essential Hence we commence oui course by 
learning how to use a micioscope Heie on the scieen is a figure 
which will give you the names ol the diffeient paits of a micro- 
scope. 

Set the mstiument on a table opposite a window, piefciably one 
hieing the north. The pillar of the micioscope should be placed 
next the observer Turn the mirroi so that the light fiom the sky 
is reflected upwards fiom the plane smface of the minoi through 
the apertuie in the stage up the body of the micioscope See 
that the ms-diaphiagm below the condenser is open and that the 
low objective (or powei) is in position at the lowei end of the tube 
(or body) With these preliminary arrangements made, it will be 
well to apply the microscope to some suitable object and learn 
something of how it may be used to show minute stiuctuie It 
must be understood that, as the microscope extends out powers of 
vision, so as piactically to endow us with a new sense, this new 
sense, like oui othei senses, lequues training and cultivation, and 
it is only alter considerable piactice that we can mteipiet tiuly 
the sensations conveyed to us by this instrument 

A veiy suitable object lor the beginning of this training is 
furnished by the skin of a leaf. We will select the leaf of Tra- 
de scaniia vlrgmiana (Spideiwort). To obtain a preparation of 
this skin, proceed as follows, take the leaf, which is long and 
nanow, and bend it across the foie lingei of die left hand with 
the upper, or grooved, side outwards With a sharp knife, 01 razoi, 
nick the surface of the leaf without cutting deeply into it Raise 
a little flap of skin, the leaf-skm, and catch it with a foiceps 
You will in this way easily peel ofl a portion of the membnmous 
skin. Lay the piece of skin so obtained in a chop of water on a 
glass slide The smooth uppei side of the skin should be laid 
uppermost in the drop. Clean a cover-glass like this one I hold 

i 
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here, and by means of a foiceps lay it on the diop ( nntaimng (In 
piece of skin 

In cleaning the covei-glass, gently hold it by the edges with 
the finger and thumb of the left hand, while the fingei and thumb 
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with the object, but on the othei hand it may cause inconvenience 
if it adheies to its sm face. 

The bubble has become enclosed because the outer surface of 
the piece of skin acts as if it weie gieasy and is not wetted by the 
watei which is slightly nused up lound the object When the 
covet -glass is put on, the an in the hollow immediately ovei the 
piece of skin is tiapped If befoie the covei-glass is applied the 
piece o i skin is wetted by sticking it with a camels hair biush or 
a needle, and the covei -glass then let down slightly obliquely so 
that one edge touches the watei first, no an will be enclosed in 
the piepaiation. 

The piepaiation should now be inspected to see that there is 
no watei on the undei side of the slide, and no watei 01 dust on 
the uppei side of the covei-glass Watei on the slide may be 
oaiefully dned off, but if the covei-glass is not peifeclly clean it 
must be taken off again (iaismg it with a needle 01 point of a for- 
ceps), caiefully polished and leplaced 

'Lire preparation thus made is now leady foi examination 
Place it on the stage of the microscope I will assume that the 
imcioseopc is provided with two objectives (poweis) one (the 
low powei) focussing about x cm., and the othei (the high powei) 
focussing i or 2 mm. above the object Set the fiont lens of the 
low powei about x cm above the cover-glass by means of the 
coaise adjustment. Look into the eye-piece and turn the mnroi 
until the eye-piece appears filled with light Close the dtaphiagm 
below the condensei till its opening is about J of the total 
apeituie Turn the coaise adjustment until the object comes 
mto focus Now turn the fine t adjustment until you find the 
position in which the object appears with greatest distinctness 
It is usually best to use the flat surface of the mmoi when the 
condenser is in position, but sometimes with this auangement cx- 
tianeous objects such as the woodwork of windows are focussed 
on the object and become inconvenient This inconvenience may 
be lemoved by using the concave suilace of the mu tot, or by 
altering the level of the condenser. 

When sharp focus has been obtained you will see that the piece 
of leal-skin is divided up into small and fanly unifoimly sized 
areas. They are neaily lectilineai m outline, and fit closely 
against one anothci like tiles m a pavement. These aieas cor- 
respond to the outlines of cells — the units of which the skm and 
all othei tissues are built A darkish lounded body may be seen 
in most of these cells. It is called the nucleus While mak- 
ing these observations the inclination of the mirror should be 

x * 
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lepeatediy changed and the effect of these changes absolved , the 
aperture of the diaphiagm should be altered and the changes n 
appeaiance so caused studied It will be found that while a closei 
diaphragm causes the outline of a cell to appeal daik, this outline 
becomes bnlhant when the diaphiagm is opened. SmnUu change*- 
may be obseived m the nucleus By neaily closing the diaphiagm 
you will befuither able to peiccive that the cells aie not absolutely 
cleat but aie moie or less shaded by the piesence of a haziness 
especially neai then boundanes and round the nucleus This 



Fig 2 — Ti adescantia mrgimana, lower epidermis, microphotogiaph x iota 

hazy substance together with the nucleus is the piotoplasm of the 
cell. The use of the high powei (or objective) will show the 
paits of the cells moie clearly It is necessary to use great cue 
when changing fiom the low to the high objective It is well 
first to assuie oneself that the covei-glass is quite clean and that 
theie is no watei on its upper srnface; after this, carefully set 
the cell selected for special examination exactly in the centre of 
the field With microscopes of the best construction it is only 
necessary to turn the nose-piece round bringing the high power 
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into position undei the body of the instillment, then the accuiate 
eon&tiuction of the nose-piece and objectives secmes that the 
high powei is exactly ovei thecentie of the field pieviously viewed 
by the low powei and the object will be approximately in focus loi 
the high objective 

Such exactitude of constiuction is not always to be found in 
microscopes, so that eeitam piecautions must be taken m oidei 
to make sute to avoid lnjunng the high powei, and spoiling the 
piepaialion by chaggmg the lens ol the objective against the covei - 
glass K by any chance the front lens should get smeared it should 
he immediately cleaned cai dully with a piece ol clean linen In 
ordei to avoid any mishaps m turning on the high objective you 
should pioceed as follows . Raise the body of the micioscope by 
turning back the milled head of the coaise adjustment about one 
quaitei 1 evolution then turn round the nose-piece bunging the 
high powei into position, and almost completely dose the dia- 
phragm The fiont lens should now be about 3-5 mm above 
the covei -glass. Put youi eye to the eye-piece and while looking 
down the now somewhat cLukened tube lack the coaise adjustment 
veiy slowly and eaiefully dovvnvvaids Soon lm/,y objects will loom 
up in the field Now cease using the coaise adjustment and 
Uansfei youi hand to the fine adjustment , by moving this you will 
quickly bring one of the cells into sharp focus When it is in 
focus carefully note the distance ol the front lens fioin the covei - 
glass by viewing it from the side. In oidei to be able to make 
the change horn low to high objective moie speedily m lutuie, 
it is well now, without altering the focus, to switch back the low 
powei and note if it is still m focus ; 01, if adjustment is lequned, 
note if it is necessaiy to raise 01 lowet the body If no adjust- 
ment is necessaiy, 01 if the tube has to be laised to bung the low 
objective into locus, then you will know that when making the 
change fiom the low to the high power in lutuie you need not 
scievv back the coaise adjustment but simply switch on the high 
objective aftei ascei taming the cleanliness of the cover-glass If, 
when turning back horn the high objective, the low objective ie~ 
(junes to be depiessed to bung it into focus, then you must always 
laise the coarse adjustment befoie switching on the high power. 

When the high powei is put into position one should try many 
experiments with the mirxoi and the diaphragm m oidei to obtain 
the most satisfactory combination of ariangements J01 the study 
of each object Above all, special attention must be given to the 
fine adjustment. The high power has a veiy slight depth of focus 
That is, when it is in focus foi any one minute object, objects 
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veiy slightly neaiei 01 further are out of focus and appeal binned 
Hence when we look at a micioscopic field with a high powe 
only those objects which are at a ceitam level in the piepaiatioi 
are distinctly visible to us, and in order to appreciate the relatioi 
of the various objects m the piepaiation to one anothei we mus 
continually keep shifting the locus up and down Thus while 
using the high powei it is advisable to keep one’s finger on the 
fine adjustment and to move its milled head continually back 
wards and foi wards 

While moving the focus foi the high power it becomes ap 
paient that each cell is bounded by a transparent membiane — the 
cell-wall As we look down on the cell its outline is generally 
hexagonal 01 pentagonal One can see that the wall is colouiless 
and that the light horn the mmoi passes through it It is tians- 
paient When the locus is at a ceitam level the thickness ol the 
wall is seen m section. By Gainfully focussing upwaids with the 
fine adjustment one can see that the wall is continuous acioss the 
top of the cell next the covei -glass, and with skilful manipulation 
of the mttroi and diaphragm one can see that the outei sui face 
is finely coiiugated. In the same way the cell is closed below 
The cell, m fact, at which we axe looking is a flat hexagonal ox 
pentagonal box The walls of this box are made of a transparent 
matenal. Looking through the transparent top we can see the 
contents of the box illummated by the light transmitted th lough 
the equally transparent bottom. 

The most easily observed object within this cell is the nucleus 
Its position m the cell appeals to be fortuitous It is dark 01 
blight accoulmg as the diaphragm is closed or open It is 
colouiless. At fiist sight it appeals to be disc-shaped, but when 
veiy careful focussing is used it is possible to see that it is ap- 
proximately globular m form; it appears disc-shaped because 
only one level or section of it appears in focus at one time 
By focussing deeper and deeper one can compaie a senes of 
these focal levels, oi optical sections, with one anothei and 
mentally reconstruct from them the shape of the whole. It is 
evident that the optical sections of an approximately sphencal 
object area series of more 01 less cncular discs. The nucleus 
is then a spherical or globular body. 

Dining these obseivations another substance within the cell 
will be forcing itself on 0111 attention. Round tire nucleus and 
adhering to the inside of the cell-wall is a colouiless and slime- 
like matenal When the diaphiagm is closed this matenal is 
lightei than the nucleus, when the diaphragm is open it is less 
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blight, and with this auangemenl it is veiy indistinct and haid to 
make out This material, together with the nucleus, forms the 
piotoplasm of the cell It foims an lricgulai lining to the cell- 
wall In places the lining is thick and in places again it is diawn 
out to an infinitesimally thin pellicle Embedded m the pioto- 
plasm aie vanous smallci oi laigei specks which aic often called 
gianules In the cells befoie us, as is often the case m cells com- 
posing tissues which have ceased to giow, the protoplasm occupies 
but a small piopoition oi the space enclosed by the wall. The 
gieatei part oi the cavity of the cell is occupied by a diop of fluid 
called the vacuole Sometimes stiands of piotoplasm may be seen 
sti iking acioss it or even it may be bioken up into a number of 
small vacuoles sepaiated fiom one another by sheets oi paititions 
made oi the slimy piotoplasm Often some oi the granules seen 
in the piotoplasm aie minute vacuoles 


PRACTICAL WORK. 

Acquaint yourself with relations of the various parts oi the microscope anti 
learn then names. 

Mount a piece of the leal-skin of TradestanUa virgtniana in a drop ot 
water. Cover with a clean covei glass. 

Put the low power m position and set the preparation on the stage. 

Adjust the mirroi so that light from the window is concentrated by the 
condensei on the object 

Focus the object and try how changes in the minor, the diaphragm anti 
the level of the condenser alter the microscopic appearance of the object, 

Count the numbei of cells on the diametei oi the field. 

Note the outlines and the nuclei of the cells 

Adjust the middle oi the fragment of skin to coincide with the centre oi 
the field. 

Raise the body of the microscope by means of the coarse adjustment. 
Switch on the high power. 

By meanb of the coarse adjustment bung the front of the high power to 
about 4-5 mm, fiom the covei glass 

Close the diaphragm to a small apeiture. 

With your eye constantly looking into the eye-piece lack the body oi the 
microscope very slowly downwaida As soon as daik indistinct objects begin 
to loom mto view transfer yam fingeis to the fine adjustment, and by turning 
it downwards bring the cells into locus Now obseive the distance of the 
high power from the covei When the focus has thus been obtained switch 
back the low power and note if it us necessary to raise or depress the body to 
bring it into focus 

Again count the number of cells occupying the diameter of the field. This 
will give an idea of the relative magnifications of the high and low powers. 
Try the effects of various adjustments of minor, diaphragm and condense!. 
Focus for the near side and the iar side of the nucleus and for its diameter, 

Ci. 1 sVN t 1 * ,in optical section of a cell in the plane of its nucleus. 

Maia jo' '■■cii,.! 1 on smooth paper with a sharp pencil. Your sketch 
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should show the outline of the cell, the thickness of its vertical walls, the 
limits of the protoplasm and vacuoles, the nucleus and some gianules 

Replace the low power in position ard taketfhe slide from the stage. 

Draw off some of the f water between the cover-glass and slide by means 
of a piece of blotting-paper, and add a drop bf Ifqtioi iodi (a solution of iodine 
in a watery solution of potassium iodide) at the opposite side of the cover- 
glass - r 

Note how the iodine passes through the cell-wall and stains the proto- 
plasm, especiall) the nucleus ' ' 

Before leaving yoiu microscope leturn the low powei to position undei 
the body and lemove the preparation. 

Never remove a preparation, or place it on the stage while the high power 
is in position. Leave the diaphragm open and the plane minor facing up- 
wards See that all paits of the microscope are clean and dry 
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From the few observations alieady made some idea may be 
foimed of the diffeient parts of the cells taken fiom the leaf-skin 
It is difficult, howevei, to realise immediately the physical natuie 
of these diffeient micioscopic objects. All tissues of plants aie 
made up of cells lescmbling, moie oi less closely, those we have 
examined in the skin of the leaf of Tt adesuvniia mrgmiana , so 
that if we can obtain cleax ideas as to the natuie of the pails of 
these cells we can apply them with little modification to all others 

It is easy to see the nucleus and the rest of the protoplasm 
when looking tluough the walls of the cells taken from the skin 
of the leaf The substance forming the wall is theiefoie evidently 
transparent, and it is also without coloui One can see, how- 
ever, the surface of the cell- wall and it is also quite easy to dis- 
tinguish it from the sunounding watei. We distinguish it just 
as we distinguish a piece of glass in an or in watei, not neces- 
sanly'by its diffeient coloui, but because it bends the lays of light 
diffeiently fiom the sunounding air or water It has, in fact, a 
diffeient leiractive index. The substance fomung the cell-wall 
is then tiansparent, coloiuless and has a highei lefractive index 
than watei It is owing to these physical pioperties that it looks 
bright when illuminated with an open diaphragm and daik when 
the diaphiagm is closed 

'I'he tom edge of the piepaiation is foimed by partially empty 
cell-walls By piessmg on the cover-glass with a needle it is easy 
to distort these pieces of cell- wall When the piessurc is relieved 
they i eeovei their former shape. The cell-wall evidently possesses 
a certain amount of ligidity and is elastic. It also possesses 
tenacity and is tough. This will be leahsed when one lemembeis 
that a sensible pull had to be excited in tearing the piece of skin 
and that the slap torn off from it is tough and can sustain a con- 
suitable pull. Tt is also to be remembeied that the actual cross 
section ot cell-wall sustaining this pull is very small ; foi but a 
veiy small portion of the stiip is composed of the walls The 
actual strength of the cell -wall compared with other substances 
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can be easily mea&uied by using the walls of olluu cells mote 
suitable for the puipose Thus the fibies of cotton-wool ate the 
walls of vety long narrow cells in which the internal cavity of the 
cell has been almost obliterated by the thickening of the wall It 
is possible by measuring the weight, which one of these Abies will 
sustain, and also its own cioss section, to deteimine directly the 
tenacity of its substance It has been found that the hi caking 
weight of this matenal is about 4 2 tonnes pel sq. nil 'This is 
about the same tenacity as that of wi ought non. 

Our preliminary observations have bi ought to light yet anolhei 


very important propeity of this material. When the liquoi iodi 
was applied to the outside of the cell-wall, it quickly diffused 
through the wall and coloured the nucleus within Evidently the 
cell-wall is permeable to this substance dissolved tn watei ll is 
m fact peimeable to all substances dissolved in watei. 

Chemically the substance foiming the cell-wall is known as 
cellulose. It is a carbohydrate, i.e a compound containing caibon, 
hydrogen and oxygen, in the molecule of which thete au* two 
hydrogen atoms to each oxygen atom. It has a huge and com- 
plicated molecule, having the foimula (C 0 H 1() O fl ) n . 

The protoplasm enclosed by the cell-wall is much less con- 
spicuous than the wall itself, but this does not indicate by any 
means that it is of less impoitance than the wall Indeed, as will 
appear later, it forms the essential pail of the cell. 

By similar observations to those made on the cell-wall, we can 
easily ascertain that protoplasm is colomless, Uanspaient and of 
a higher refractive index than watei ; but in this cell Us icfi active 
index is not so high as that of the cell-wall. Wheie the wall of a 
cell is broken the protoplasm emerges, and it may be seen to 
change shape slowly, like a sticky, viscid liquid. It adheres to 
the fragments of the cell-walls and it shows no rigidity or elasticity 

ezz and m 6 fh In If ^ lt behaVes very much llku the whilu « f an 
st,cL-v LZ i Cd W f are 1 , examinm g the protoplasm foims a 
6 C f, a11 ’ Whlch “*8ht be compmcd to 
a smear of white of egg on the inner surface of a transnaient box 
In this viscid film aie often embedded minute granules ; seme- 
mes again the granules aie absent, and the piotoplasm seems 
homogeneous or almost so By closing the diaSaam it s 
genet ally possible to make out a definite suiface between the moto' 
plasm and the water in the vacuole tlK pl oto * 

the TbP - T T^ ,p " ! 1Iling , ° f the cell ' wa11 ®doses the liquid of 
stance, Unhl, the X,li"e 
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of dissolved substances. Hus may be teadily seen in cells wheie 
a colouied substance is in solution in the vacuole We often find 
such coloured cells m the skin of Tiadescantia , but it is more 
convenient to obseive this effect in a tissue in which all the cells 
aie colouied, such, foi example, as the fleshy pait of the beetioot, 
oi the petal of a lhododendion If a piece of one of these tissues 
is mounted in watei it may be obseived that as long as the pioto- 
plasm is umnjuied it confines the dissolved red pigment within 
the vacuole and does not allow it to escape into the surrounding 
watei 

This propel ty of piotoplasm of obstiuctmg the passage of solutes 
(substances in solution) is one of veiy gieat biological lmpoitance 
and must he considered shoilly m 1 elation to the natuie of diffu- 
sion and of solution 

When a crystal of a soluble substance, e g any soluble salt 01 
sugai, is placed in watei it dissolves, and the dissolved substance 
slowly spicads itself thioughout the sui rounding watei. This 
spreading 01 diffusion, as it is technically called, takes place quite 
apart fiom the mingling ol the solution with watei due to cm rents, 
and even when the ciystal lies m the bottom of a vessel, diffusion 
may be seen to oveicome giavity and in time to secure the uniform 
distribution of the solute throughout the watei* 

A mental pictuie of diffusion may be foimed by supposing that 
m solution the bonds that bind the pai tides of the solute to one 
anothei are bioken, and they, by viitue ol the eneigy they possess, 
spnng foith into the solvent heie they are fiee to move m the 
duection of their fust spang till they encounter some other paitiele 
or the walls of the vessel At each collision they rebound only 
to be hurled back again when they strike anothei obstacle In 
the solution of the crystal we must imagine countless millions of 
these particles launched, jostling each other, i abounding from the 
impacts, and thus gradually, with a disorderly and tuibulent 
swarming, tending to distribute themselves uniformly at last 
throughout the liquid. Thus legal ded the pai tides of a dissolved 
substance behave in a niannei very similar to those of mattei m 
a gaseous state 

The process of diffusion is seen in action in these two tall glass 
cylindeis of watei into which a lew crystals of potassium bichio- 
mate and copper sulphate have been placed respectively. The 
crystals which weie put in a lew days ago have almost disappeared 
and a dense solution of each salt is foimed m the bottom of each 
jai If you look caiefully you will see that there is no definite sur- 
face for the solutions, but a giadual transition fiom the densely 



12 


Practical Plant Biology 


coloured solution below to the colourless water above. As the 
cylinders aie observed day by day this zone of gradation will be 
seen to use highei and highei, until finally the solutes aie equably 
distributed throughout the liquid Under oidmary conditions, 
no doubt, cunents hasten this unifoim distribution but even when 
these are eliminated, diffusion is adequate, given time, to ac- 
complish it alone 

Evidently if we could mteipose a partition between the solution 
and the watei above, and if this paititron obstructed the passage 
of the solute while it allowed water to permeate it, the diffusing 
particles, as they spread thiough the watei would be checked by 
the partition. As they dash forward they will stuke the mem- 
brane and will be reflected fiom it into the surging mass of then 
fellows below. 1 abounding from these they aie again huiled 
against the membiane The sum of the myriad impacts of this 
intense bombardment will act as a pressure pushing back the 
partition. 

Partitions of this nature, which obstiuct the passage of dis- 
solved substances while they allow the solvent to pass fieely, are 
well known They are found in nature and they may be artificially 
made Ordinary animal and vegetable parchments act more 01 
less completely m this way, and by their means the piessuie pro- 
duced by a diffusing solute may be easily seen 

One of the simplest ways of observing this is as follows the 
open ends of a piece of parchment tube, such as is used by 
chemists foi dialysis, aie each bound on to a tightly fitting lubbei 
stopper One of the stoppers is peiforated and supplied with a 
glass 01 ebonite stop-cock Thus fitted, the tube is filled with a 
strong solution (20 per cent) of sugar The stop-cock is closed 
and the whole is submerged m clean watei After a shoit time 
the paichment tube will be found distended and bulged owing to 
the diffusion of the sugar particles pushing out the parchment 
Soon the piessuie begins to stretch the parchment and if we open 
the stop-cock the elastic recovery of the parchment will cause a 
jet of the solution to issue from the cock, giving a visible" demon- 
stration of the piessuie 

A dried raism put into water is noticed to swell and ultimately 
become distended owing to the same phenomenon Water passes 
thiough its skm, and the sugar and other soluble substances 
within go mto solution and tend to diffuse or spiead m the water. 
In this, howevei, they are opposed by the obstruction offered by 
the skm to their passage, and the pressuie developed by the 
diffusion of the dissolved particles pushes the flaccid skin out- 
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wauls in all ducctions until it takes on a globulin foim and be- 
comes tightly sti etched 

Anothci simple expenment shows that the pressuies geneiated 
in this way aie vety considerable Here is a thistle funnel , across 
its opening I have fixed a piece of paichment To pi event 
leakage the edge of the funnel w r as smeared with glue and while 
the glue was soft the paichment was bound tightly on with string 
When the glue was set the funnel was in- _ 

veited and filled with a sugai solution and 
immeised m watei, while the tube of the 
funnel was suppoited m a veitical position 
pjojccting above the watei Aftei a shoit 
tune it could be noticed that the liquid m 
the funnel tube was using and it soon 
mounted above the level of the sun mind- 
ing watei This use may be asenbed to 
the piessuie of the diffusing sugar pax tides 
expanding the confines of the sugai solu- 
tion, and the piocess may be descuhed in 
leans of the hypothesis which attributes 
the piessuie to the bombaiclment of the 
dissolved pai tides The paichment and 

glass of the funnel being fixed, resist this 
piessure, but the particles hulling them- 
selves fiom below against the suiface of 
the solution in the tube and being unable 
to escape horn it, pi ess it upwaids and so 
make 100m foi moie watei to enter tin ough 
the paichment into the tube Thus w r e 
may legal cl the weight of the column of 
liquid as being raised above the sunound- 
mg watei by the bombaidment of the dis- 
solved sugai pai tides Altei a time, the 
sotyli on will have men the full length of 
the funnel tube, and, if we wish to continue the observations, we 
must add to its length The height of the column of liquid thus 
nused may be veiy gloat Its rise will only cease when the 
diffusion-piessuie of the solution— 01 osmotic piessuie as iL is 
usually called— is balanced by this hydiostatic head 

By caieful measuiements it has been lound that the height to 
which the osmotic pievuue can nuse a column of solution depends 
upon the concentiation of the solution . in othei wouls, the os- 
motic pressuie of a solution is piopoilional to the number of 



Fig 3. — Glass funnel (/) 
closed below with a 

semt-ptrmeable mem- 
biane (m). In f is a 
solution, the upper sur- 
face of which is seen 
at a The beakei con- 
tains water 
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dissolved pai tides there are in unit volume Measmement has also 
shown that the osmotic piessuie is duectly influenced by tempei- 
atuie, so that the osmotic pressure of dissolved pai tides is veiy 
similai to the pressure pioduced by gas pai tides, and obeys 
similai laws At oidmary tempeiatuies the osmotic piessuie of a 
5 per cent solution of cane sugai is about 3 atmospheies, and 
that of a 5 pei cent solution of common salt is about 4 a atmos- 
pheres 

Membranes which, like those used m these experiments, obstiuet 
the passage of diffusing solutes while they aiepeimeable to the 
solvent, water, are called semi-permeable In many cases it is 
found that they do not absolutely pieclude the passage of lire 
solute, and it is found that some sugar passes out thiougb the 
membrane during the observations But othei membranes are 


known which completely obstiuet the passage of certain solutes 
and every degiee of semi-permeability may be met with 

Piotoplasm normally exhibits a very pcifect scmi-pei nieabihly. 
Hence the dissolved substances m the vacuoles of cells cannot es- 
cape from the cells when they are sui rounded with water but tend 
to push the protoplasm out against the cell-wall. The protoplasm 
being semi-liquid, would flow befoie the pressuie but is held up to 
it by the cell-wall and the osmotic pressuie of the solutes of the 
vacuoles is then balanced by the tension of the cell-wall. 

But we may also balance it by an external osmotic pressuie. 
This may be done by immersing the tissue m a solution having 
an equal or greater concentration than that in the vacuole A 
solution of a non-poisonous substance should be used If a thin 
slice of beetroot, or thin flap torn off a rhododendron petal is 
mounted m a drop of a 10 per cent solution of common salt, you 
will see, as you observe it in the microscope, that the lose-eoloui ed 
vacuoles, which at first entirely filled the cavities of the cells— 
save for the space occupied by the delicate containing film of 
protoplasm— are now contacting into small densely coloured 
globules m the centre of the cell cavity The explanation of this 
contraction is as follows • The external salt solution has diffused 
through the permeable cell-walls and come into contact with the 

nenVh-Lj J1 fhl 0p a T t The dl f USIng P ait,c1 ^ not being able to 
penetrate the protop asm push against it and, being moie con- 
centrated than the dissolved paiticles in the vacuole, cxeu-ise a 
superior pressure and drive the film away from the wall into the 
cavity of the ceU A cell in this state is said to be pla.snioly.se . 

It is evident that while the external osmotic piessure is diu 
driving in the protoplasm it reduces the size of the vacuole, and 
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as the internal solutes eannot escape then pai tides become more 
crowded and concentrated At a ceitain stage the reduction 
of volume of the vacuole bungs the concentration of the solutes 
in the va< nolo to be the same, leckoned in dissolved paiticles, as 
that of the external solution This mciease of concentration is 
made appaient in the examples we have taken by the intensifica- 
tion of the red colour of the vacuole, foi the dissolved pigment 
like the otliei solutes has 

been eoncentiated a ti cl v /fesC 

hence its coloui deepens 'L, II n # 

piopoitionally , ' 

If a tissue whose cells , , , . • y 

aie thus m a state of plas- ' 

molysis is tiansfened fiom < \ * 

the salt solution into water, , ' ' 1 ^ '' •' , . 

very soon the osmotic pies- 
suie of the solutes m the 11 

vacuoles, no longei opposed 

by an external osmotic pies- \ 

sure, pushes the piotoplasm ^ \ _ , 

outwards and presses it •'? d, Vi ■. 

again against the cell-wall - ■ \ 

and distends the lattei. \ ' * \ , 

These observations show , « ' ' ' V 

that a cell which is abuncl- ! \ v ^ ‘ 

antly supplied with water \ ’ s • c 

will normally have its cell- 11 

wall distended by osmotic Big 4 — Cells of lliododendron petal, 

pressure In this distended x io 3 cytoplasmic lining of cell, 
\ , , , n tK vacuole; %v x cell-vall Below the 

state, which is called tuigoi, batne cells are seen plasmolysedL 
it is ngid. One may com- 

paie the ngidity of a football 01 pneumatic tyre— the bladder oi 
the innei tube playing the part of the piotoplasm, while the leathei 
01 the cover is put into a state of tension like the cell-wall. 

The compressed arr cannot penetrate the bladdei, just in the 
same way as the dissolved particles cannot pass through the 
protoplasm, while the leathei cover in one instance and the cell- 
wall in the other takes up the piessure and prevents the inner 
envelope extending indefinitely The impermeability of the innei 
envelope is necessary m each case and any injury to it which 
would render it permeable will quickly destroy rigidity. A 
tempeiature of about 70° C. changes protoplasm profoundly, and 
among other changes taking place at this temperature, it will be 
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found that it becomes permeable to dissolved substances 1 bus 
if cells containing a coloured solution in then vacuoles be heated 
to 70° C the coloured fluid permeates the envelope and escapes. 
At the same time the tissue which had been tuigid and stiff 
becomes limp and flaccid, as the osmotic pressure of its com- 
ponent cells is leheved 

At the temperature of about 70° C protoplasm sets, i.e it 
changes from being a liquid to take on a senu-solid state At 
the same time it becomes more opaque This change is called 
coagulation and is very similai to the change undergone by the 
white of an egg when it is boiled 

With regard to the chemical natuie of pioloplasm veiy little 
can be said with ceitamty It appeals to be a mixlme of a 
number of different proteins, lipoids, caibohydiates and sails. 
The ingredients of different samples vaiy, and, owing to this 
variability, it is not known whethci thexe is some essential ( on- 
stituent of constant composition m which the othei compounds 
are embedded in varying proportions Not only do the ingredi- 
ents of different samples vary, but within the same sample they 
are constantly undergoing chemical change. These interactions 
going on within protoplasm are spoken of as its metabolism. 
Ultimate analyses of protoplasm always show the presence of the 
following elements’ caibon, hydtogen, 0x3 gen, nitrogen, sulphui, 
phosphorus, potassium, magnesium and calcium. The proportion 
of these elements depends on the proportions of then compounds 
in the mixture 

Under noimal conditions the protoplasm of cells contains a 
very laige proportion of watei : 80 per cent by weight, or more, 
is usually present Proteins rank second by weight, and it is 
probably these substances which confer on piotopla&m Us unique 
pioperties These bodies may be defined as nitrogenous sub- 
stances, which on hydrolysis break up into ammo-acids, 1 e. 
organic acids characterised by containing one 01 mow ammo- 
groups ( — NHj) and one or more caiboxyl groups ( — COOII) 
These gioups confer on the ammo-acids basic or acid qualities 
depending on the predominance of either gioup Consequently 
they may behave as weak bases 01 acids The amino-acids also 
may combine mutually by the elimination of water from the uniting 
carboxyl and amino-groups e.g . — 


—CO— OH H— NH — 

i „ „ , _ 

In this way many amino-acids may link together and bodies with 



Lecture IL 


1 7 


<i very Luge molecular weight may he built up The formation 
and dissolution of this linkage, whit h is called the peptide link- 
age, possibly indi< ates one of the fiequent changes oceumng m 
the metabolism of protoplasm 

The othci substances such as lipoids (fat-like bodies), carbo- 
hydrates and salts are piobably present in the piotoplasm not as 
essential constituents but as stoics from which the much more 
complex ammo-acids and pi oleins aie built up and lenewed, and 
iiom which, as we shall see latet, energy is derived 

The piotoplasm of cells is continually incorporating external 
materials m its substance and eliminating substances fiom itself 
into its sunoundingb. It is constantly building itself up and at the 
same time dismtegiatmg, and, as we have seen, the compounds 
within its own substance continue to interact As long as these 
changes continue the piotoplasm is ce alive” In fact, piotoplasm 
is the living part of the cell and the phenomena exhibited by 
piotoplasm aie life It has been called the “ physical basis of 
life” When protoplasm is killed, eg by heat, constructive 
metabolism comes to an end With ceitain exceptions its 
external and internal reactions cease, and it becomes an inert 
mass of piotems, etc It is in this foim often called pioteid, and 
as we have seen it both loses its liquid nature and becomes 
permeable. 


PRACTICAL WORK. 

Mount a small piece of the skin ot the leaf of Ti adesLanha virginuwa in a 
small diop of. water. Put on a cover glass. If the space undei the cover- 
glass is filled with the drop chaw off a little water by applying a piece ol 
blotting-paper to the edge of the covei. Now apply a chop ot liquor loch and 
let it mn m under the cover See that the upper surface ot the cover-glass 
is quite dean and place the slide on the stage of the micioscope Observe 
how the cells ot the tissue change m appeal ante, and those first which are 
at the edge of the specimen. The piotoplasm takes on a brownish hue and 
minute grannies become apparent in it. The nucleus stands out dearly. 
The iodine m solution has permeated the celhwalls and brought about these 
changes within the cell. 

Mount a thin section of beetroot, 01 a thin flap cut horn the crimson petal 
of a lhododendron flower, in a small chop of water. Make a sketch, using 
the high power, ot a group of tluee or knu uninjured cells near the edge of 
the specimen. 

Focus lor the middle oi one of the cells, and neglecting the ha/y shadows 
of the parts, above and below this level, sketch just what you see cleaily 
defined. This is an “optical section” of the cell. The wall will appear as 
a very nauow band running round the cell defined by a fine line on the 
outside and inside. The area enclosed by this band at hist sight appears 
uniformly rose coloured, but very careful observation will show that theie is 
an exceedingly inconspicuous layer of material — the protoplasm— between the 

2 



practical l-' Unit Biology \ 


1 o 

rose-coloured vacuole and the wall This layer may at some places lit thicker 
and may be seen to be colourless. In one of these thickei places the nucleus 
may occasionally be seen 

When your sketch is made teplace the low power and apply a chop ol a 
io pei cent salt solution to the edge of the cover Be careful not to let the 
salt solution um ovei it and tiy not to displace the slide In a lew minutes 
you will obseive the plasmolysis of the cells This will be apparent even 
with the low powei Notice that the coloui of the vacuoles becomes much 
moie intense, and that the pigment forms globules within the cells, II youi 
cover is still quite clean put on your high power Find again the gioup ol 
cells you sketched pieviously and make a new sketch, noting the changes 
which have come about 

Next replace the low power, remove the slide, take off the cover-glass and 
lift the specimen into a small glass of clean water Mount it ahesh in a drop 
of clean water and cover. You will now be able to observe that many of the 
plasmolysed cells will giadually lecover their original condition, 

Heat a specimen mounted in water and one mounted in io pei cent, salt 
solution cautiously over a Bunsen flame When the slide becomes unpleas- 
antly hot to the touch, examine with the micioscope Note any changes you 
observe m the colour of the vacuole 01 m the appearance of the protoplasm. 
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In the study ol the cells of the leaf-skin and of the beetioot 
(oi ihododendton petal) veiy impoitant pi open ties of the matenals 
which compose cells have come to light The knowledge ol 
these properties explains how the substances peifoim vanous 
Junctions which aie assigned to them in the cell Thus the 
tenacity of the cell-wall supports the plastic piotoplasm when 
the scmi-pei meability of the lattei obstructs the passage of 
dissolved pai tides. So the ngidity of the cell is secuied by 
a tension membei, the cell-wall, and a compression membei, 
tlie mutually repelling dissolved particles in the vacuole The 
rigidity of tissues and of many oigans is explicable by the ngidity 
of then component ( ells Hence it is that, when the osmotic 
piessuie of the cell vacuoles of a herbaceous tissue 01 oigan 
is lelieved by making the semi -permeable piotoplasm pcimcable 
by heat, the ngidity of the whole tissue 01 oigan disappears 
The dissolved substances in the vacuoles which give use to 
this osmotic piessuie and force the protoplasm out against the 
cell-wall aie veiy vanous, Chemical tests show that they may 
be organic and inorganic acids and their salts, also carbohydiates 
In addition to these bodies which diffuse and geneiatc osmotic 
pressure, there are also found in the vacuole other bodies which 
have not got these characteristics, The formei are said to be 
in the ciystalloidal state, while the lattei are described as being 
m the colloidal state These names were applied because when 
tire watei, throughout which the* founei substances aie distributed, 
is evapoiated, the substances crystallise out, while under smnlai 
cucumstanees the lattei form a colloidal oi glue-like mass The 
most important substances which aie found in cell vacuoles m 
the colloidal state are proteins, dextiins and gums 

The difference of these two states with regai d to diffusion 
may be easily shown by experiment as follows fn this jar theic 
has been placed a small quantity of a 10 per cent “solution” 
of gelatine mixed with some Congo led — a collodial dye In 
its fellow is some of the same gelatine solution to which had 
been added some copper sulphate In each case care was 

tg a* 
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taken to a\oid splashing the sides of the jais with tin* ( oImiu< 
mixtures When the gelatine had set the jais were tilled tq 
with watei without feai of stilling up the <otouu*d mixtures 
AfteL a few days it could be seen that the blue ol the < opprt 
sulphate had diffused upwaids into the watei, its suiluu* using 
above the gelatine was no longei cleat-cut, hut merged giadu 
ally into the water above This condition of things is still 
plainly visible In contiast to this the colloid has not iisen 
or left the gelatine, and its surface ioniums as demly defined 
as it was at the beginning of the expenment Colloids do 
not diffuse m watei, and hence they do not pioduoe osmotic 
piessure as ciystalloids do 

Anothei simple experiment bungs out a very important differ - 
ence which exists between substances in the eiystalloidul ami 
colloidal state Here are two rectangulai glass vessels. In 
one is a solution of common salt and into the otliei a mixture 
of i per cent gelatine in water, which will serve m this ease 
as an example of a colloid 1 By suitable an alignments a beam 
of light from an aic lamp is passed in succession thiough the 
two vessels You will see that while the path of the beam is 
clearly maiked out in the mixture of the col 1 ^ 1 ' 1 *’ 1 <rekPme it 
is practically invisible m the solution of the js.i'oc it is 
m fact only visible in the lattei when it is i effected horn the 
surface of minute specks and dust pai tides floating in the latter. 
The distinct visibility m the colloid mixtuic, on the other hand, 
is to be attributed to the reflection of light from the surface of 
the excessively minute colloidal particles suspended in the water. 
This shows that there is a difference m the mannei in which 
the colloid and the ciystalloid aie distributed. The particles 
of the former, though still almost inconceivably small (they me 
quite invisible to the highest poweis of the microscope), are 
sufficiently laige to reflect light from then surfaces; whereas 
m the case of the dissolved ciystalloid, subdivision is so much 
more minute in comparison with the w r ave length of light that 
there are no surfaces between the dissolved substance and the 
solvent capable of scattenng light Hcie then is a most im- 
portant difference between mattei in the colloidal and crystal- 
loidal states The colloidal pai tides aie sufficiently large to 
have a surface between the solvent and the colloid, in the 

1 The gelatine should first he swelled m cold water and afterwards hot 
water added to make up the mixture The mixture should be thoroughly 
stirred and mixed It will look then scarcely less clear than the solution 
of salt 
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case oi the dissolved ciystalloid the pai tides aie so minute 
and the union between the solvent and solute is so intimate, 
that the phenomena which are chaiactenstic of a suiface do 
not occui It is evident then, that the mixture of a colloid in 
watei is very diffeicnt fiom a tiue solution To maik this 
diffeienee a colloid is said to be dispeised, while a ciystalloid 
is said to he dissolved in the medium which contains it 

The diffeienee m sue of the pai tides of matter in the two 
states may be fuithei demonstiated by filtiation It is found 
that chaiactenstic colloids will not pass through a vegetable 
oi animal membrane, whereas a solution of ciystalloids may 
be tiansnutted easily. This fact, which is utilised in dialysis 
to sepai ate ciystalloids and colloids, shows cleaily the diffeient 
state of subdivision characteristic of the two states Thus certain 
colloids— especially the piotcins — may be biokcn into smallei 
aggregates which will pass thiough a cellulose membrane, but 
yet are not small enough to exhibit all the chaiactcis of dis- 
solved ciystalloids A complete senes of prepaiations, giadmg 
into each othei, may he made, m which the lowest members of 
the series aie tiue solutions (diffuse, exeicise osmotic piessute 
and pe'neti ate oiganic membianes) while the uppei membeis 
have all the chaiactenstic propeities of tiue colloids. 

Colloidal pai tides although invisible with ordinary micioscopic 
methods may be icndered visible by the ultia-micioscope, an 
apparatus by which pai tides may be microscopically viewed while 
reflecting a veiy intense beam of light 

Pai tides having a diamctei of io~ r ’ cm aie scarcely visible 
with ordmai y microscopic methods and at this sue then suiface 
is so laige compared to their volume that they begin to exhibit 
phenomena unlike laiger visible pai tides The smallest col- 
loidal particles must exceed molecular dimensions (viz about 
10 ~ a cm.). Theiefoie the diameter of colloidal pai tides may 
he said to range between io~ G and io~ B cm Particles having 
a greater diameter form suspensions. And when subdivision 
is as fine or finer than the lowest limit mentioned the mixtuie 
has the properties of a solution 

It is evident that, as the piopoition of surface to bulk rapidly 
increases with diminution in size (the volume of a sphcie de- 
pends on the cube while its suiface depends on the square of 
its radius), the surface of a given mass of matter in the col- 
loidal state is relatively enormous and we may expect peculiarly 
enhanced effects in dispersed colloids of all actions which take 
place at surfaces. Thus when a dissolved substance tends to 
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coneentiate on a sm face in contact with a solution, tins sui- 
face condensation, 01 adsoiption as it is called, becomes vciy 
impoitant m the case of colloids. 

In a liquid dispei sion of gelatine in watei, the watei foims 
the continuous phase, 1 e it is continuous, while the gelatine, 
which is m the foim of excessively minute, isolated pai tides, 
is the discontinuous phase As moie and more watei is ah- 
sti acted fiom such a dispeision, a cntical concentiation is xeached 
when the condition of things is leveised and the gelatine becomes 
the continuous phase, holding the water enclosed in it as a 
dust of minute particles While the watei is the continuous 
phase the mixtuie acts like a liquid and is called a sol, hut 
when the gelatine is continuous the mixture lesembles a solid 
and it is called a gel The tiansition fiom sol to gel at any 
given concentiation of the colloidal substance depends on the 
tempeiatuie Thus a dispersion of gelatine which is a sol at 
40° C may be a stiff gel at 20° C An item of great intei est 
attaches to the melting-point of a gel When the lempeiatme 
at which a gel bieaks down and becomes a sol is noted and 
compaied with that at which the same dispeision becomes a 
gel on cooling, the two do not conesponcl The melting-pomt 
is different accoiding as it is appioached fiom a highei or a 
lower temperatuie In fact, the past histoiy of the colloidal 
mixture controls its behavioui 

In the cells of plants cellulose, starch and sometimes protoplasm 
aic in the gel state and so may he compared to a honeycomb 
enclosing droplets of water The piotems and othei colloids oi 
the vacuole and often piotoplasm are examples of the sol state, 
and are distributed thiough the water as an inconceivably line 
dust. The colloid in eithei condition piesents an enormous 
surface The gel state may pass automatically by simple dilution 
into the sol condition, and vice ve? sa by concentration pass from 
the sol to the gel condition Vegetable gums furnish examples 
of these changes Sometimes such icveisal is dependent on heat, 
as m the case of gelatine Another change, which is exhibited by 
some bodies in the colloidal state, is coagulation 01 precipitation. 
It is shown in a characteristic mannei by piotems and protoplasm. 
In it the transparent sol or gel becomes opaque and the colloidal 
substance aggregates like a precipitate Again, if a semi-permo- 
able membrane formed of a protoplasmic gel is coagulated it 
becomes permeable. Coagulation may be bi ought about by heat 
A temperatuie of about 70° C is sufficient to coagulate many 
piotems and protoplasm. Here may be recalled the observation 
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that when heated the semi-permeable protoplasm of the beet-cell 
became peimeable and let the dissolved pigment escape Coagu- 
lation may also be effected by chemical means, or even by the 
piesence of othei colloids Thcie is leason to believe that 
coagulation is sometimes due to the neutialisation of electric 
chaiges on the colloidal pai tides 

The cells wc have hitheito examined belonged to gieat masses 
of cells foimmg the tissues of higher plants Being composed of 
aggi egates of cells, these plants aie called multicellulai plants 
Moie simple plants are known consisting of fewer cells and the 
simplest of all die those which, consisting of a single cell, are 
termed unicellulai plants 

To one ol these we will now turn out attention 
It is the well-known plant which is utilised in the using of 
biead and m the biewing of beei — the Yeast plant Supplies 
may be easily obtained from a bieweiy 01 fiom any shop which 
supplies yeast foi biead-making. 

Yeast as thus obtained is a plastic buff-eolomcd mass It is 
fi table and foi mieioscopie examination a fiagment the size of a 
pea may be biokcn off and shaken up 111 a small test tube contain- 
ing a sugar solution (say 10 01 15 pei cent) Aftei continued 
shaking the mass of yeast disappears and is distnbutecl thiough 
the sugai solution, forming a milky suspension 

If a diop of this suspension is placed on a slide and coveied 
with a clean cover-glass and examined with the low powei, a vast 
ctowd of veiy minute specks will be seen These specks aie uni- 
form in size and have a veiy definite outline Each is, 111 fact, 
a single cell of yeast, and each cell constitutes a complete plant 
This yeast plant is known botameally as Saccharomyces ccrevnecc. 

By applying the high powei something moie of the plant’s 
structure may be made out Even with the high powei it still 
appeals veiy minute When caiefully measuied it is found to be 
an egg-shaped cell, just attaining the 1/100 mm. m its longest 
diameter As the cells are veiy uniform m size this yeast plant 
is very useful as a standard of mieioscopie measurement 

When the focus is adjusted to the equatoi of one of these 
unicellulai plants it is possible to see the veiy shaip line which 
limits the outside of the cell. This line lepiesents the outei 
surface of the cell- wall The thickness of the cell -wall can 
scarcely he made out without a special pioeeclme. Within the 
cell-wall is the piotoplasm of the cell. When the optical section, 
01 focal plane, coincides with the equatoi of the cell one can see 
that there is a zone of brilliant oi highly lefungent mateiial 
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extending from the cell-wall inwaids and occupying noddy all the 
space encncled by the wall This is the piotoplasm of the cell 
Theie are often one 01 moie cucular patches m the section, of 
less bnght substance, sunounded by the piotoplasm these aie 
vacuoles Vety often, when examined in blight daylight, the 
piotoplasm appears pale bluish, while in contrast to it the vacuoles 
seem duller and tinged witlu pink By fiequent icadjustmeiits of 
the muroi, the~focus of the condenser and the apertme of the 
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diaphiagm you will arnve at cleaily distinguishing these stiuctures, 
and also during these manipulations you will discover, most 
probably, vauous very minute specks in the piotoplasm and even 
in the vacuole. Where specks are seen in the vacuole they 
usually show the peculiar dancing motion which they, in common 
with all veiy minute bodies suspended in fluids, exhibit. This 
motion is considered to be due to the impacts of the molecules 
of the medium on the paiticles and becomes apparent when the 
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mass of the pai tides is sufficiently minute to be appiectably 
clistmbed by these impacts It is called Biowman motion 

The cell-wall may be lendeied moie plain if some yeast is 
mounted m a 10 per cent solution of common salt The pioto- 
plasm is then diiven m fiom the walls by the osmotic piessuie of 
the salt solution and the cell- wall appeals standing out alone, and 
its cleat colouiless natuie maybe obseived Again, if the cover- 
glass of a pieparation of yeast is piessed dimly and giound to 
and fro on the slide, some of the cells will be luptuicd and the 
more oi less completely emptied cell-walls may be obseived 
m the prepaiation Then toughness and elasticity may be 
observed 

While the majority of the yfcast plants ate very umfoim in size, 
some cells m the suspension will be found which aie much smallei 
than the majoiity also some of the laigei cells will be found 
with these smallei cells in contact with them By obseivmg a 
number of these small groups it will soon appear that a smallei 
cell anses as a minute lump 01 exciescence on a mature cell 
This swelling glows biggei and bigger until it attains the size of 
the supporting cell. While the growing cell ot bud mci cases in 
size, its place of attachment lemains small, and at some time in 
its giovvth the piotoplasm in the hud is cut off fiom the onginal 
cell by the completion of the cell-wall In this stage the bud is 
veiy easily detached and is set fiee by any disturbance m the 
medium When the medium is undisturbed many geneiations of 
buds may adheie togethei In a solution kept at 30° C. it is 
obseived that about six horns elapse between the beginning and 
the maturity of a budded cell This budding is a most piobfic 
method of reproduction 

Occasionally one finds 111 yeast piepaiations an unbroken cell- 
wall containing thice 01 four smallei complete cells By special 
methods of cultme this type may be pioduced at will The inner 
cells are formed hy the bieakmg up of the piotoplasm of an original 
cell into a small number of masses and each of these masses be- 
coming covered with a cell-wall Each of these enclosed cells is 
called a spoi e. It is capable of becoming a new plant 

Yeast sui rounded with a sugar solution and kept at a tempera- 
ture of about 30° C. giows rapidly. The individual cells multiply 
and the buds glow quickly to matin ity Its rapid growth is 
marked with the formation of bubbles of eaibon dioxide and the 
production of alcohol If the tempeiatme is lowered the rate ol 
giowth is letarded, until at about S° 01 io° C. it ceases* Above 
30° (l giowth kills off and stops at about 6o° 01 70°. The 
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tenipeiatuie round which giowth is most vigoious is called the 
optimum temperatuie At ccitam uppei and lowei limits giowth 
ceases and finally death supervenes The uppei limit wheie death 
supervenes is, foi ordinaiy yeast, about 70° C The spoies, 
howevei, may lesist a highei tenipeiatuie and this highei limit of 
the spoies may be fuithei laised by desiccation Dned spoies may 
actually glow after being exposed to a tenipeiatuie of 120° C 
This gi eater resistance of the desiccated spoies is probably con- 
nected with the fact that desiccated proteins resist coagulation 
while imbibed pioteins at the same temperatuie aie coagulated 

The enlaigement of existing cells and the development of new 
ones lequire material New wall substance — cellulose, new pioto- 
plasm, new vacuoles must be formed. The ciude material to be 
conveitcd into these stiuctures must be available This mateiial 
must be supplied 111 the medium in which the plant glows In 
brewenes this medium is the sweet wort — composed of the 
geiminated barley seeds It may be regaided as a nuxtuie of 
pioteins, carbohydrates and salts These aie modified and ab- 
soibedby the yeast plants and conveited into the mateiuls needed 
foi giowth 

buch conveision is called assimilation 

PRACTICAL WORK. 

Mix up a 1 per cent, sol of gelatine (swelling the sheet gelatine first in 
cold watei). Observe it by transmitted light, andm a concentrated beam of 
light Compare the behaviour of a salt solutton, Mix up a 10 per cent, sol 
ot gelatine Observe how the sol sets to a gel when the temperatuie falls 
On a rise of temperature the sol state is again assumed. 

Shake the gel in a test tube and notice its elasticity. Violent shaking may 
fracture the gel When the fractured surfaces come together again the 
fracture is healed. 

Shake up a little oil of cloves in water in a test tube. An emulsion lesults 
which is whitish in colour. When left to stand the droplets run together and 
rise as larger drops to the surface leaving the clear oil floating on the clear 
water When the oil is dispersed as droplets in the water it scatters the light 
penetrating the mixture and the lattei looks white 

Now dissolve 2 drops of oil of cloves 111 ro c c. of spirit. Add the solution 
to 300 c c of water. Notice the appearance of a very faint bluish collation. 
The mixture looks clear to transmitted light, but a concentrated beam passing 
into it appeals brilliant blue. The droplets of oil are here leduced to the 
dimensions of the colloidal state 

Shake up some yeast in a little sugar-solution and make a suspension 
Notice the production of gas m the suspension and the smell of beet which 
develops Mount a drop of the suspension on a slide. Draw carefully an 
ovoid cell showing the protoplasm and the vacuole. Draw cells showing the 
different stages m the development of a cell by budding Mount some yeast 
m a 10 per cent, salt solution and observe plasmolysis Crush a pieparation 
of yeast and look for emptied cell- walls. 
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Smear some of the yeast suspension on a clean cover-glass Leave it to 
dry When perfectly dry pass the covei -glass quickly two or thiee times 
thiough a Bunsen dame with the smeared side uppermost Put a diop of 
watery gentian violet on the smear and leave for live minutes Wash off 
the stain under a jet ol water, shake off as much water as possible and rinse 
with a few diops of spirit Shake off the spin! and leave to dry When 
perfectly dry add a diop of Canada balsam to the smear and invert it on to 
a slide This smear-preparation should show scarcely any trace of colour 
when complete Under the microscope the protoplasm should appear faintly 
tinged and a dark speck m it indicates the presence of a nuclear structure 




LECTURE IV 

Yeas r, then, lives in a mixtuie of pioteins, caibohydtates and salts 
in water. Evidently the soluble salts and carbohydiates being 
fiee to penetrate the cellulose wall of the cell by diffusion come 
into contact with the protoplasm and aie by it taken up and in - 
coiporated Not so, however, with the pioteins and insoluble 
carbohydrates Then dispeised colloidal paiticles aie, foi the 
most pait, too laige to penetiale the colloidal cell-wall and con- 
sequently cannot come directly into contact with the piotoplasm 

As was mentioned before, pioteins aie capable of paitial dis- 
mtegiation furnishing substances of less molecular complexity and 
smallei molecular weight These substances, the peptones and 
ammo -acids, exhibit some of the pioperties of crystalloids and 
appeal to be intei mediate in then chaiacteristics between ciystal- 
loids and colloids Chemically the change is one of hydiolysis, 
and may be effected by means of acids The plant, howevei, 
effects it by the agency of bodies called proteolytic enzymes. 

The enzymes, of which these are a special group, are substances 
which are produced by oigamsms to hasten or facilitate a change 
The change which is thus facilitated would otherwise take place 
impeiceptibly slowly, at ordmaty tempeiatuies In the presence 
of the enzyme, howevei, the change pioceeds with modeiate speed 
At the end of the change the enzyme is unaltered, except so far 
as secondary leactions may affect it The enzymes resemble m 
then action catalysts, which in a similai way determine and hasten 
slow leactions But these oigamc catalysts differ fiom the in- 
organic, e g acids, platinum black, etc , m being limited in then 
action, and each will catalyse only one, or a group of similar re- 
actions. For this leason they are said to be “ specific ” There 
is, in fact, leason to believe that the atomic groups m the enzyme 
have a specific 1 elation to those in the substance on which it acts, 
In other words, the molecule of the enzyme “ fits ” the molecule 
of the substiate, as the substance to be changed is called. 

Enzymes are m the colloidal state but their degiee of dispeision 
varies, hence some of them can penetrate a cell-wall and others 
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cannot Like colloids many aie coagMUuid by bait, and this 
coagulation being nievetsible the enly®! is left®* 


coagulation being nievetsible the entyggd is a tj$e ^ 

Many maybe coagulated by alcohol, md* Wien this coagulation 1 
is revet sible, the en/ynie thus pieupitate^n^i}sd>e again dispensed 
in water and is able to cany on its at with, 
water and coagulation with alcohol foim a v(Sy J 4 n u.sM© /piefhp^ 
the pioduction of enzyme piepaiations, 

It is now very genenilly held that the leactions which enzymes 
acceleiate are level sible actions, 1 e reactions m which a dis- 
lntegiating and synthesising action aie going on simultaneously, 
and in which the final condition is a state of equilibnuni, or 
balance struck, between these two actions The enzyme ac- 
celeiates both actions, and consequently the final condition is 
the same whethei attained automatically oi by the aid of the 
enzyme. When eithei ot these actions is much moie rapid than 
the othci the change appeals complete 01 almost so , when the 
two ate moie evenly balanced the change is incomplete Sup- 
pose, foi instance, an enzyme is in contact with a substiate A 
and acceleiates its hydiolysis so that it chsintegiates into two 
pioducts B and C, and at the same time the enzyme acceleiates 
the combination of B and C into A At the beginning of the 
icaction only a little of the two pioducts has been foimed Con- 
sequently but little synthesis takes place and this synthesis is 
completely dominated by the foimation of these two pioducts 
undei the action of the enzyme on the laige quantities of A 
still available But as the reaction goes on, owing to disin- 
tegiation, theie is less of A available and consequently less of 
B and C is foimed, while the synthesising action increases as B 
and C become moie abundant. Evidently an equilibimm point 
will be leached whcie the two opposing actions will balance 
each other. Tt is also cleai that the 1 dative lates of synthesis 
and dismtcgiation will detenmne whethei the 1 ear Lion will 
appeal incomplete 01 complete. Evidently, j! the pioducts of 
one of the actions aie continually removed fiom the icaction 
as (pnckly as they aie foimed, the change will become complete 
m that direction This condition seems to be often leahsed 


in the changes effected m the metabolism of plants, so that 
an enzyme which, undei oulinaiy laboiatoiy conditions wheio 
the pioducts aie not 1 amoved, acts as a disintegrating agent 
may in the plant cell if all the pioducts of synthesis aie removed 
act as a synthesiser. 

Being in the colloidal state enzymes piesent enormous 
sui faces in the watei in which they aie clispei scd, and the 
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substiates and the pioducls become concentiated on this sin lace 
This sui face concentiation 01 adsoiption seems essential m 
enzyme action As colloids then actions die icadily localised 
in the cell since they will not tend to become distributed 
throughout the substance of the colloidal piotoplasm Tt is 
also known that the action of some enzymes is gieatly enhanced 
by the piesence of ceitam dissolved substances while the ex- 
istence of inhibiting substances is also indicated These charac- 
teristics lender enzymes extraordinarily suited to the delicate 
and localised actions needed in the cell We may easily imagines 
granted agents with these characteristics, how veiy varied in- 
actions may take place m close pioxnmty to one anothei but 
so completely isolated fiom one anothei m the colloidal pioto- 
plasm as not to intei feie in the slightest The enzyme by means 
of which yeast acceleiates the hydrolysis of piotems has been 
called endotiyptase Possibly this substance is a mixture of 
seveial enzymes as its action extends to seveial different pioteins 
disintegrating them into ammo-acids, and thus lendcung them 
accessible to, and capable of assimilation by, the yeast cell 

Inveitase is another enzyme produced by yeast It is produced 
veiy widely throughout the vegetable kingdom and being easily 
extracted lends itself to experiment apait fiom the cell Inveitase 
is responsible foi the reversible change of cane sugai into dextrose 
(01 glucose) and levulose, which may be indicated as follows — 

CiaH^On + H a 0 ^ C b H 1B 0„ + 

Cane sugar. Dextrose Levulose 

Under noimal conditions the change is complete 01 almost so. 
The final pioduct, being neaily entnely a mixtuie ol the two 
hexoses (dextrose and levulose), is called inveit sugar The 
change itself is called inversion It is easily studied owing to 
the fact that cane sugar does not react with the blue alkaline 
coppei tartiate solution (Fehling’s solution) to pioduce the let! 
copper oxide, while inveit sugar does this when heated with 
that leagent Thus a solution of cane sugar, which may be 
tested with the Fehling’s solution befoiehand, will after the 
action of inveitase give this reaction 

The invertase may easily be obtained by adding a few cubic 
centimetres of toluene to ioo gm of piessed yeast and keep- 
ing the mixture in a loosely stoppeied bottle for thiee weeks 
at a tempeiature of 30° C The toluene kills the yeast without 
injuring many of the enzymes which it contains. The proteo- 
lytic enzymes' destroy the cells and the gieatci ntimbei of othei 
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en/ymcs, leaving ovei a slime containing a few active en/ymes 
among which is mveitase. A muchly sediment settles from this 
slime and il the super natent cleai liquid is decanted oft, it is 
iound to he an active piepaiation of mveitase The usual 
desti active effect oi a high tempciatiue may easily be vended 
with this piepaiation When laised above 70° C it will be found 
that the enzyme has become inactive The addition of alcohol 
to the piepaiation piedpitates, 01 coagulates, the enzyme, but 
this, howevet, leeoveis its activity when redissolved in watei. 

Inveitase is one of those enzymes, which, working undei the 
ouhnaiy laboiatoiy conditions, effects an apparently complete 
change of suciose (cane sugai) into dextiose (01 glucose) and 
levulose but it is quite possible that in the spaces of cells, 
wheie all the suciose 01 watei is continually removed fiom the 
spheie of activity of the enzyme, that a synthesis of suciose from 
dextrose and levulose may also be effected 

Slow penetiation of the diffusible peptones, ammo-acids, sugais 
and salts makes up lot those which aie absoibed by the pioto- 
plasm , within the piotoplasm they aie furthei modified and 
built up into new piotoplasm This action, which is called 
assimilation, is a ehaiacteiistic of piotoplasm and is not ex- 
hibited by dead mallei Piobably m many of the stages of 
assimilation en/ymes aie used as agents 

Evidently, if assimilation alone is consicleied, new additions 
to the piotoplasm, vacuoles and substance ol the cell-wall are 
continually being made These additions become visible in 
the giowlh of the cells and then lepioduction It is to be 
noted m the case of yeast that the carbon as well as the nitrogen 
is supplied from organic souices Cat bon is piesent in the 
medium round the cells m the fotm of pi oleins and caibohydrates, 
and mtiogen pimeipally m the foim of pi oleins It has been 
found, howevei, that yeast can dntw its supplies of nitrogen 
from simple! organic compounds such as ammonium tartiate 
For this assimilation, 01 building up piocess, 111 which moie 
complex bodies are foimed fiom simpler ones, and bodies which 
contain more energy fiom those which possess less, evidently a 
supply of energy is needed. 

This supply of energy is furnished by combustion. 

We noticed aheady that when yeast is immersed in a sugai - 
solution gas is evolved and die smell of alcohol may be observed. 
As a matter of fact the change indicated by these pioducts may 
be expiessed chemically as follows , — 

C tf H M O 0 - sCjjHjjOH + 2CO a 

Glucose or dextiose = ethyl alcohol + carbon dioxide. 
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The sugai disappears and the pioduction of alcohol and 
bubbles of carbon dioxide may be observed This change makes 
energy available, though how at fust sight may not appeal 
evident 

It is well known that when coal is burnt, heat is given off, 
which may be utilised in a steam engine to do work. Kvidentl) 
the combustion of the coal sets fiee eneigy which is utilised by 
the engine The amount of eneigy available may be estimated 
by the amount of heat produced Using the usual stanclaid this 
heat may be measuied by the number of kilogiams (lilies) of 
water it can raise through i° C Thus one gram of coal, on 
burning, can raise 7 to 8 kg. of watei through one degree In 
other words, it can generate 7 to 8 Cal ones In tire same way 
1 gm of glucose on complete combustion can geneiate about 
376 Calories O11 complete combustion the glucose is entnely con- 
verted into carbon dioxide and water In the process, howevei, 
which we aie considering combustion is not complete One of 
the pioducts is ethyl alcohol which m itself, as is well known, may 
be further oxidised, and may, m the oxidation, set fiee a consider- 
able amount of heat. Fiom the equation quoted above it appeals 
that one giam-molecule of hexose (180 gm ) pioduccs two gram- 
molecules (92 gm ) of alcohol. The fact that both bodies aie 
in solution must also be allowed for, so that it is found that, 
during this incomplete combustion of hexose to alcohol, for each 
180 gm of hexose 92 gm of alcohol is foimed, and that while 
the onginal hexose in solution had a heat of combustion equal to 
about 300 Calones, the heat of combustion of the resulting alcohol 
m solution amounts to only about 145 Calories The lemaming 
155 Calones have been set fiee and aie available to do the woik 
of the yeast cell 

Reactions occuning within the cell, which like the foiegoing 
aie a souice of eneigy, aie described as lespnation Geneially 
these inactions aie of the natuie of oxidations, i.e aie com- 
bustions, and most usually they are complete and utilise bee 
oxygen, but often they aie incomplete and utilise combined 
oxygen as m the yeast cell Respiiation utilising combined 
oxygen m this way is called anaeiobic inspiration, inasmuch as 
the oxygen used is not drawn lrom the almospheie Very usually 
the substances oxidised are sugars as in this case 

Inasmuch as assimilation, and other processes which requite 
an expenditure of energy, are chat acteri sties of protoplasm it is 
natural to find that all active protoplasm exhibits respiration in 
one form 01 another. It is a geneial chaiactenstie of piotoplasm, 
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and the cneigy thus rendeied available becomes manifested m the 
vanous phenomena which we call life It is only in connection 
with the substance piotoplasm that these phenomena of eneigy 
aie exhibited Thus it has been said, “ Protoplasm is the physical 
basis of life” Life appeals to be the complex eneigy tiansfoi- 
mations and material changes associated with piotoplasm 

The piocess of anaerobic respiration in yeast is then identical 
with the piocess of fei mentation ot the conveision of sugar into 
alcohol The commercial value of yeast centres, of coin so, on 
this piocess For a long time it was held that fermentation was 
a pi opei ty of the piotoplasm itself, and that the piocess could 
not be earned on apait from living protoplasm, and in fact it was 
one of the £C vital” attributes of the cell Consequently gieat 
mteiest was aroused when it was discoveied that a substance 
could be extiacted fiom yeast which, apait fiom all living pioto- 
plasm, could bring about, 01 acceleiate, the change of sugar into 
alcohol and cat bon dioxide The substance is /ymase, and it 
is found to act m eveiy way like athei enzymes Thus we come 
to regard respiration as a piocess dependent on the still moie 
general ehaiactenstic of piotoplasm, that of producing organic 
catalysts — the enzymes — by means of which the protoplasm can 
effect changes which apait fiom these bodies can only be bi ought 
about by the application of powerful reagents 01 of high tempera- 
tures 

The number of enzymes extiacted from yeast cells is already 
considerable and it is likely that these cells possess many moie 
not yet recognised indeed many, if not most, of the chemical 
reactions of cells seem accelerated and conti oiled by these agents 
which often appeal to be foimed only when then need anses. 


PRACTICAL WORK. 

Dissolve a little cane sugai in about 20 c.c of hot water, add 2 gm of gela- 
tine previously vswelled in cold water When the gelatine has completely 
gone into “ solution u and the mixture has cooled to about 30° add a chop of 
a yeast suspension. Distribute the yeast thoroughly by shaking While still 
liquid put drops of this mixture on slides and covei If the preparation is 
successful you will see two or three isolated yeast cells in each field of the 
high power. Subsequent observations will show the successive stages of 
growth and budding. As the gelatine sets to a gel there is no dangei of 
the successive buds being dislodged fi 1 ,,- r •“* J< * t which they origin- 
ate, and one can see the successive . ■ . ) • 1 dm mg the time of 
observation. The time occupied from inception to maturity may be noted, 
by keeping one cell under periodic observation. 

Before leaving the yeast cell it will be well to utilise it to calibrate opr 
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apparatus for micioscopic measurement, the Ghost-micrometei 1 With a 
mature cell m focus prop a transparent squared screen or even a piece of fine 
•wire gauze against the front of the stage of the microscope with its lower 
edge resting on the table The sides of the meshes of the screen should be 
about 2 mm apart Using the flat mirror, adjust the condenser so that the 
yeast cell and the image of the meshes are simultaneously in focus Altei 
the inclination of the screen till the meshes appear perfect squares Now 
note how many yeast cells would fit along the sides of the images of the 
square meshes The number may be about eight or ten We already know 
from the measurements recorded by , .* "he diameter of a yeast 

1 ooi mm Hence we 
know the size of the image of the meshes 
in the position where we have propped it, 
and whenever we wish to estimate the sue 
of a microscopic object in the field of the 
microscope, we have only to replace the 
micrometer in the same position and ob- 
serve over how many meshes or poitions 
of meshes the object extends 

The Ghost-micrometer also gives much 
help in drawing The relation of objects to 
one another and their proportions in sue 
to one anothei in the squared field pio- 
duced by the Ghost-miciometer may he 
readily transferred with accuiaty to 
squared paper 

Moie accurate work may be done by 
calibrating with a slide carrying a milli- 
meter divided to roo parts 

The experiments described in the lecture 
on mvertase should be repeated Make 
up a 5 per cent, solution of cane-sugar 
(sucrose) Pour out a little into a test 
tube and add an equal volume of Fehling’s 
solution Boil the mixture. Is a piecipi- 
tate formed > Now make a mixture of 
equal volumes of the sugar solution and of 
a 5 per cent solution of the mvertase 
preparation described m the lectuie. 
Leave for io minutes. Then test some 
Fig 6 -—Microscope with Ghost- of the mixture with i uc, 1 ; . t • ■ of 

micrometer in position FehlmgN solution ' m* ad; oi'r' 

ing an orange-red precipitate appears 
This is due to the reducing power of the invert sugar (levulose and dextrose) 
formed by the inversion of the sucrose. A separate test will show that it 
is not due to a reaction between the copper solution and the enzyme. 

Now boil some of the enzyme preparation, cool, and add to an equal 
volume ol sucrose solution, leave for io minutes as before and again carry 
out the test with Fehling’s solution No orange-red precipitate appears. 
The boiling of the enzyme has destroyed its power of inversion. 

1 A good form of this simple measuring apparatus may be obtained from 
Messrs, Tfios, Mason & Co , Opticians, 5 Dame St , Dublin. 
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C 1 1 lam ydo mon as is a veiy common object, but it is confused 
usually with so many othei organisms bearing but a supeificial 
lesemblunce to it that none of these objects has a special name in 
oui language Stagnant watei often shows a gieen coloration , 
one ol the commonest causes of this giecnness is the piesence of 
Chlamydomonas in the watei, but it may also be clue to many 
othei organisms 

If one takes a diop of this green watei, which may be found in 
any stagnant pool, ditch 01 lain pipe, and examines it miuoscopi- 
eally, the gteenness will be seen to be due to a vast number of 
tiny gieen specks, sonic of which aie stationary, someaie buzzing 
about and some aie almost at lest butjeik about m an uneasy 
fashion. 

Fust it will be well to apply the Ghost-micrometei It shows 
that these little gieen specks are some foui 01 five times as long 
as a yeast cell They have somewhat the same shape. They aie 
egg-shaped. Immediately we endeavour to make out details as 
to then stiuctuie we become impiessed with the lapidity of then 
motion, which makes it very haid for us to obseive the cell 
closely By means of the Ghost-micionietei and a stop-watch it 
is easy to determine that the cell travels at the late of about o'i 
mm in 2 sec. or about x mm. m 20 sec, which is about the 
same speed as the tip of the minute hand of a large watch. The 
speed is by no means umfoim, and much higlici and lowei speeds 
may be legisterecl. 

For obseivation of the slructuie we must select a cell at lest. 
In a good culluie a compaiatively small numbei will be found com- 
pletely motionless, foi many of those which lcmam quiescent foi a 
time will occasionally betiay signs of then restlessness by a spas- 
modic oscillation fiom side to side One ol these occasionally 
moving cells is the best for examination, inasmuch as its motions 
usually lotate the cell, and turn difleiont aspects to the obseiver. 

Like that of yeast, this cell is evidently bounded by a cell- wall, 
and in this case its thickness may often be seen by careful focussing 
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of the equatorial optical section Chemical tests show that this 
cell- wall is of cellulose 

The space inside the wall is evidently filled with a gianulai sub- 
stance which at fiist sight appeals suffused with a bnlliant giecn 
colom More precise observation shows that at one pole ol the 
cell there is a small beak-like piommence which is fiee from the 
green coloui Hcie also it may be seen theie is no cell-wall, and 
the beak is plainly fonned of the internal piotoplasm of the cell 
piojecting through an on flee in the cell- 
wall By very eaieful manipulation of 
the line adjustment, tonclensei, dia- 
phiagm and minor you will be able to 
see one 01 two excessively fine and 
quite Uansparent thieads extending out 
fiom. the beak away fiom the cell 
These thieads aie called cilia They 
aie fine extensions of the piotoplasm 
into the suiioundmg water, and are 
about once and a half, 01 twice, as long 
as the cell In quiescent specimens 
one cilium is usually compaiatively easily 
seen It is used to anchoi the cell and 
is m contact with, and adheicnt to, the 
surface of the covei -glass 01 slide Be- 
ing at rest it is meiely a mattei of 
eaieful focussing and adjustment of the 
Fig 7.— Chlamydomonas, x light to make it visible The second 

125 a, cilia, b y P r oto- Cl j uim ma y fixed, like its fellow, by 
plasmic prominence; c, , . { * . , > J 

contractile vacuole , d, hs own adhesiveness to the glass More 
chloroplast , c> nucleus , J, often, how r ever, it retains its fieedom 
pyrenoid, g, central cyto- and lashes or waves to and fio. This 

fsin.rir.; »»;■»“, rr m , ot ? rf on 

eye spot ingly difficult and, while fiee, only oc- 

casional glimpses of it can be caught, 
when its motion changes or when it pauses for an instant Evi- 
dently these cilia are the oigans which piopel the cell thiough 
the watei in the way already observed The protoplasm com- 
posing the cilia seems qr *r hono^cou it has a highei ie~ 
fiactive index than the 1 1 1 : v ■ 1 su 1 eg » 1 c xnd hence shows that 
pale, bluish coloiafcion already observed m the piotoplasm of yeast 
Otherwise the cilia are colom less. 

Turning our attention once more to the body of the cell we can 
make out the outline of a more or less spherical shape lying m 
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the cential piotoplasm As we focus it and examine it, it becomes 
evident that it is a minute bag foimed of a tianspaient membiane 
within which aie lather distinct granules. It is in fact the nucleus 
of the cell and is embedded m semi-fluid gianulai piotoplasm 
occupying the cential legion The eoloui of this cential legion 
is evidently confened on it by the light tiansmitlecl thiough the 
penpheral regions just as colouiless watei in a giecn wine-glass 
‘appeals gieen The colouiless cential piotoplasm is continuous 
with the colouiless piotoplasm of the beak and the cilia It will 
also be seen by caieful focussing that a veiy thin colouiless layei 
of piotoplasm coveis over, like a skin, thecolouied /one In fact 
the eoloui ed legion of the piotoplasm of the cell has the foim of 
a bell open to wauls the beak This special eoloui ed bell-shaped 
mass of piotoplasm is called a chiomatophoie, and, having foimed 
the gieen pigment chloiophyll, this chiomatophoie is styled a 
ehloioplasl The layei ol protoplasm loimmg the sui face of the 
protoplasm of the cell and in immediate contact with the cell- 
wall is free from gianules, while the cential piotoplasm and that 
at the base of the beak is finely gianulai At some point m the 
siu face layer a very minute lens-shaped body may be seen It 
has a veiy high lefiactive index and hence appeals almost black 
if the dtaphiagm is closed, but it leveals a line crimson eoloui 
when the diaphiagm is opened and a wide cone of light illuminates 
the cell. Tlus cumson body is called the stigma ot eye-spot It 
is usually located in the outei piotoplasm neai the beak 01 
anterior end of the cell, and it appeals ciiculai 01 ovoid according 
as it is seen in plan 01 in profile 

While making these observations on the structme of the cell of 
Chlamydomonas, it is probable that the attention of the obseivei 
will be attracted by the peiiodic appearance m the piotoplasm of 
the beak of one or two spaces 01 diops of fluid These aie at 
first almost invisibly small, they then giow and suddenly disappeai 
Tt is as if they slowly swelled until they passed some limit and 
then exploded These arc the contractile vacuoles Theie aie 
usually two, one at each side of the beak, but often they aie not 
visible simultaneously 

The closed end of the ehloioplasl is turned towauls the postenoi 
pole of the cell. At this point the ehloioplasl is much thiekei 
than at the open end, and occupying this thickened mass at the 
closed end is a structure called the pyienoid It is an accumu- 
lation of piotem and starch. The staich is in the foim of gianules 
sunounding a central mass of protein. 

If these observations have been earned out facing a good 
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source of light, it will probably be noticed that the majority ol the 
motile cells are congiegatmg at that side ol the diop of water 
which is nearest the light The movement of the cells, although 
apparently uncertain, has resulted in bunging nun h the gieutei 
number to one side It will be obseived, ll the slide is turned round 
so that the side which was fuithest from the window is now ncuiest, 
that the cells will gradually face about and nuke then way to tin* 
illuminated side Ty alternately cutting off the (Inert light horn 
the window and allowing it to fall upon the piepaialion it may be 
shown that it is light which deteimines the duet turn ol the 
motion Heie we have dnected eneigy — the light— rontiollmg 
the direction of motion of the cell Although this cell, and 
many otheis which behave similarly, have been submitted to 
long and careful study, the mechanism by which tins control 
and conversion of energy are effected has not been discovered 
We cannot say that the motion of the cell is the leartion to 
the light acting upon it, not being able to trace the connection 
of the cause and effect, as we often can m inanimate mechanical 


systems but we must class the phenomenon with many others 
among the \ital (or unexplained) phenomena ol cells. This is 
often expressed by stating that piotoplasm is “notable” and, that 
being so, the forces or “ stimuli ” acting upon it evoke tf 1 espouses ”* 
In many “responses” stored eneigy is bbeuitcdand the action ol 
the stimulus may be compared to the tiny expenditure ol eneig} 
m the spark which explodes a mine In such cases then* is no 
relation between the amount of eneigy m the stimulus and that 
exhibited m the response In the casebefote us it is piobable that 
the energy received by the cell from a feeble light towmds which 
it is moving is often very much less than that which is spent on 
driving the cell through the watei There is reason to believe that 
the stigma is an essential link in the chain connecting the light 
stimulus with the response 

\\ hemt is arranged that the illumination is approximately equal 
in all directions it will be found that the cells move hither and. 
thither, and as we would expect, there is no massing on one side. 
Here the cells receive no visible dnected stimulus but are free to 
move m any direction 


I heir individual motions cannot be pi edirted and they appeal 
to decide spontaneously upon their directions. This spontaneity 
is often assigned as an attribute to living mattei In reality then* 
is ever} reason to believe that it is one and the same thing as 
irritability The cell makes all its movements in i espouse to 
stimuli external or internal, great or small An important factor 
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which must not be overlooked is that the response need not be 
simultaneous with tlie stimulus which evokes it The past 
histoiy of the cell with its countless stimuli dcteimme to a laigo 
extent its piesent behaviour. This so-called physiological memoiy 
is probably bound up with the colloidal natuie of piotoplasm and 
othei cell- contents 

Within a cultiiie of Chlamydomonas we not infrequently come 
auoss a huge cell-wall containing loin ovoid cells These innei 
cells aie soonei oi latei seen to begin to move within the huge 
cell-wall and they finally escape as complete Chlamydomonads, 
in all respects like the cell we have aheady studied The ongin 
of these cells has been obseived. A matuie Chlamydomonad 
loses Us cilia, its nucleus divides into two and each of these two 
into two 111010, so that then* aie now lom nuclei in the cell The 
chloioplast also subdivides and finally the whole pioloplasmic 
mass, by two constnetions at light angles to each othei, divides 
into foui small masses, each containing a nucleus and chloioplast 
A cell-wall is seeieted lound each mass and finally the pioto- 
plasmic beak and Us cilia aie foimed i When all is ready the 
wall of the onginal cell is paitially liquefied (possibly by an 
enzyme sectetecl by the young cells) and the new individuals 
emetge. 

Sometimes the piotoplasmic contents of a cell bieak up into a 
much larger number of small cells so that thnty-two oi even 
sixty-foui eells may be produced These si\ty-foui minute cells 
seem essentially similar to the laigei ones When they emeige 
they swim about foi a longei oi shoitei period and then fuse m 
pans The fusion begins at the anterior ends Each of these 
fusing cells is called a gamete The mass formed of the two 
fused cells is called a zygote, and foims a < ell-wall iound itself 
This cell-wall becomes thickened and aied pigment is developed 
in the piotoplasm within After a longei or shorten penod of 
i est, this cell, the zygote, geiminates by the piotoplasm subdivid- 
ing into foui oi eight individuals which develop walls and cilia 
and aie complete repioductions oi the cells winch gave use to 
the gametes. The wall of the zygote partially liquefies and the 
cells escape 

The founei of these two methods of leptodurtion is desenbed 
as asexual, the latter, involving the fusion oi two cells, sexual 
The lepiodui tive cells# foimed in the asexual pi ocess aie called 
spoies. As a general rule the fusing gametes come hom different 
cells, and in some species of Chlamydomonas it is noticed there 
is a difference in size between the sexual cells which fuse together 
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In veiy simple foims like Chlamydomonas there appeals to be 
no hard and fast line between the spoies and the gametes. Thus 
theie aie often as many as eight spoies foimed m the mothei-cell, 
and as few as eight 01 sixteen gametes It has been found that 
while spoies aie formed when the supply of nutriment is plentiful, 
starvation conditions tend to pioduce gametes. Again, it has been 
found possible to obtain new individuals fiom single gametes by 
furnishing them with lich supplies of food. 

These obseivations have led to the speculation that sexual 
leproduction onginated m pumitive oigamsms as the lesult ol 
staivation, and that the fusion 01 fei tilisation which is chaiactei- 
istic of sexual lepioduction is compaiable to the ingestion ol one 
cell by anothei tn 1 espouse to the stimulus of hungei. 

PRACTICAL WORK. 

Put a drop of water containing Chlamydomonas on a clean slide, cover with 
a clean cover-glass, and examine with the low power Notice the unsteady 
motion of some ol the cells , m most cases it appears to tend towards the 
obseiver. In reality the motion is away from the observer and towards the 
light. The motion appears reversed owing to the reveisal of the micioscopic 
image These travelling cells rotate on their axis as they advance Other 
cells are seen which aie stationary and again others which show an eiratic 
vibratory motion Put the Ghost-micrometer in position and estimate the 
si^e of the cells m hundredths of a millimetre 

Now take a very small drop of the water containing Chlamydomonas and 
add it to a drop of i per cent gelatine on a slide and cover The colloid 
gelatine restrains the activity of the cells and makes them move more slowly 
so that it is easier to observe their motions 

Select one of the stationary but vibrating cells Arrange it centrally in 
the field with the low power. Put on the high power and examine. Note 
the cell- wall, the colouied region, the colourless beak, the nucleus, the 
pyrenoid, the stigma, the cilia, and the contractile vacuoles By careful 
focussing observe the rounded near surface of the cell By lapid minute 
changes of the fine adjustment, try and make out the form of the seemingly 
coloured piotoplasm By the manipulation of the condenser, mirror and fine 
adjustment, find and examine the cilia. They are only visible by their differ- 
ence in refringency from the surrounding water. When seen at their clearest, 
they appear like veiy fine filaments of glass Focus for the median optical 
section and carefully draw the cell, putting in all the details observed. 

Put on the low power and apply a drop of liquor lodi to the side of the 
cover-glass, taking care not to allow it to flood the upper surface When the 
reagent has penetiated well undei the cover glass note the darkened appear- 
ance ol the cells it reaches Centre one ol these and switch on the high 
power Observe the olive-green coloui of the chloroplast. The protoplasm 
has become light brown The cilia have become much more clear. The 
granules of the nucleus are considerably daiker than the surrounding proto- 
plasm The pyrenoid has become daik bine The blue coloration, in many 
cases, appears as a shell enclosing a daik biown material. The blue colora- 
tion is the characteristic reaction of staich with iodine, and the cential brown 
mass is protein. 
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Yeast lives sui rounded with food materials so that the souice of 
the substances which it mcorpoiales as its food is not far to seek 
The supply of food for an organism like Chlamydomonas is not 
so obvious The lam-watei in which it lives contains no piotems 
and no caibohydiates This water is piactically pure, though it 
may contain tiaces of ceitam mmeial salts denved from the slight 
solubility of the mmeial pai tides of the soil foiming the sides of 
the pool 01 of the mmeial dust falling into it In this way the 
watei sui rounding Chlamydomonas may contain tiaces of sul- 
phates, bicaibonates, chlorides, nitiates, phosphates, existing as 
salts of magnesium, calcium, sodium, potassium, and non Car- 
bon dioxide is also dissolved m this water 

If a sample of Chlamydomonas be observed when exposed to 
stiong light, it will be noticed that a froth of minute bubbles is 
foimed at the suiface The gas contained in these bubbles is 
oxygen Kuithennoie if the cells aie micioscopically examined 
befoie and altei this fiolhmg has occuned it will be found that 
the amount of starch in the pyienoid has noticeably increased. 
To foim this staich (C fi H 10 O 6 ) w which is a caibohydi ate, evidently 
a supply of caibon must be available Experiment shows that 
the frothing and the foimation of starch only take place when the 
Chlamydomonas is exposed to light and when a supply of caibon 
dioxide dissolved in the watei is available. 

The conditions foi the foimation of starch may be moie easily 
studied in one of the higher watei plants I have here put a 
handful of a veiy common fresh-water weed Elodea canadensis 
into this large glass vessel containing water m which carbon 
dioxide is dissolved Bubbles will be seen to rise fiom the 
sui lace of the plant as soon as it is exposed to a blight light 
This invented funnel is now ai ranged ovei the weed to catch the 
bubbles and they, guided m then upwaid course, aie caught in 
this invented test tube pieviously filled with watei The bubbles 
displace the watei m the tube as they accumulate Thus collected 
the gas may be tested It will be found to be neaily pure oxygen 
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If the same experiment had been set up with watei wine h ha< 
been previously boiled to remove the carbon dioxide, no bubble 
would have been geneiated at the suiface of the plant even whei 
exposed to light 

The production of oxygen and the conditions governing it nuv 
also be studied with this plant When a sm ill piet e is suluneigec 
in a glass vessel of watei and exposed to light, a stieam ol tin) 
bubbles is seen to rise immediately from the cut end ol the stem 
The stream becomes feebler as we reduce the light, till it stop* 
altogether when the light is very iaint Again the How ol bubbU « 
becomes faster and faster as we increase the light bom a lam 
illumination to blight sunlight As in the previous expel mien 
no bubbles aie formed if the piece of plant is immeised in watei 
depnved of carbon dioxide by boiling On the semen you su 
the bubbles rising fiom the cut end of the stem. The light ol llu 
arc lamp which seives to pioject the image of the plant at the sanu 
time furnishes the light lequisite foi the pioduction ol tlu* gas. 

If we expose a culture of yeast, 01 an oigan not having a gteer 
colour such as a root or stem, to light undei the same condition** 
as those described above, no evolution of oxygen takes plains 

It is now of interest to examine the tissue of Elodoa and set 
how the green substance is disinbuted in it 


The leaves of Elodea aie comparatively thin and tmnspatenl, 
being composed of a single layer of cells at the maigin, and a 
small number of layeis in the central regions. Down the middle 
of the leaf runs the mid-nb which is composed for the most pail 
of elongated cells with long passages between them containing gas. 
When the leaf is submeiged and viewed by transmitted light these 
passages look dark owing to the reflection of the light hom theii 
surfaces These passages give off branches between the othei 
cells of the leaf. The cells boidenng the' passages aie roughly 
lectangular in form, as you see shown in this dntguun. They 
possess a transparent cell-wall so that the contents within may be 
plainly seen The cell-wall is lined by a film of colourless pio- 
top las m of variable thickness which m turn stmounds a huge 
colourless vacuole Embedded in the layer of protoplasm aie 
numbers of tiny ovoid green masses These aie the chlmonlastx 
which confer the gicen coloui on the leaf, and like the chloioplast 
° M 1 ' a ®y do m onas, are responsible foi tiro formation of stuirh 
and for the production of oxygen Embedded somowheic in the 
protoplasm a larger colourless body, the nucleus, may also usually 
be seen It appears to possess a veiy definite limiting membrane 
within which may be seen a bright speck, the nucleolus. Con- 
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centiaUng our attention on the chloioplasts we can see that they 
have a higher lefi active index than the sunounding piotoplasm 
and that the gieen colout is ngoiously limited to then substance 
Within each chloioplast one 01 moie veiy minute specks can 
usually he seen If we leplace the watei sunounding our pre- 
paiation with alcohol oi methylated spnit, we will soon observe 
that the gieen pigment, which was evidently insoluble in watei, 
quickly dissolves out, leaving the chloioplasts much palei 01 
colout less If now a little hquof wth be uin into the piepaia- 
tion, the ehaiaetenstic leaetion ioi staich will be shown by the 
specks within the chloioplasts Evidently the chloioplasts have 
been behaving just like the chloioplasts of Chlamydomonas 


/ /j / / 




Fig. 8 — Glass cell, within which is 
seen submerged m water a branch 
of Elodca canadensts On expos- 
ure to light bubbles of oxygen are 
given oh. 



Fig 9 — Elodea canadensts , cell of 
leaf, x 350. £, cytoplasm , n, nuc- 
leus; chloroplast , 71, vacuole, 
w, cell -wall 


and have built up staich fiom the carbon dioxide and sunounding 
watei. The oxygen set free by the piocess has been liberated 
as bubbles, eithei at the external surface of the cell, or injected 
into one of the passages of the leaf and from thence finds its 
way into the stem and emerges at its cut 01 bioken surface. 

The piocess taking place m an illuminated gieen cell may be 
repiesented m a simplified foim as follows * — 

6 CO y + 5 H 2 0 - QjHuA + 60 , 

Carbon Water Starch Oxygen 
dioxide 

In this process the volume ol caibon dioxide dealt with is equal 
to the volume of oxygen set fiee Inasmuch as oxygen is much 
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less soluble than carbon dioxide, it appears in the fonn of bubbles 
at the surface of the cell 

The equation above represents the initial and final stages of 
the process, but it is highly improbable that there are no intei - 
mediate steps m the formation of such a complicated caibohydiatc 
as starch Various steps have been suggested with moie 01 less 
of plausibility attached to them, and moie or less suppoited by 
collateral eudence Thus it has been supposed that foimaldehyde 
(CH« 0 ) is one of those steps and that m its foimation fiom the 
carbonic acid formed by the union of water and caibon dioxide, 
hydrogen peroxide (H 2 0 2 ) is produced according to the equa- 
tion — 

H 2 CO, + 2H2O = CH ,0 + 2H2O2 
Experience shows that these two substances — foimaldehyde and 
hydrogen pei oxide — aie highly injurious to plants Hence we 
must assume that they are removed befoie any sensible accumula- 
tion of them occurs in the chloroplast This removal is assumed 
to take place b> the almost instantaneous polymensation 01 con- 
densation of the formaldehyde to foim a more complex carbo- 
h\drate such as a hexose (C e H 1 2O 0 ) The piotoplasm itself has 
been held responsible for this change The hydiogen pei oxide, 
on the othei hand, is thought to be bioken up by an enzyme 
called catalase as quickly as it arises — 

2HA - 2H2O + Oi 

The \ery general occurrence of this enzyme in plant cells may be 
used as an argument that hydrogen peroxide is often produced 
It may be seen that we could not expect to be able to demonstrate 
the presence of either the aldehyde or the peroxide by chemical 
tests, but it has been found that ceMs with chloioplasts are able 
to build up starch from aldehyde supplied in minimal doses 1 


l*** beei } thought since the cane sugar (sucrose C,,H„„0,,) content of 
1C H oTtln^ t ” SeS lmm 5 dlately on ex P°sure to light, while the hexoses 
of hexoses andthat^th that sucroae ls a preliminary step to the formation 
thesf sueif But ,t b ^ f ag6nCy ° f mvertase the ^rose is transformed to 
thaf tl? , IS not necessa ry to accept the improbable suggestion 
that the more complex sugar is the first formed. Supposing the hexose to 
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Enough has been said to show you that the stages by which 
eaibohydiates aie built up from taibon dioxide and watei by 
plants aie unceitam The piocess is usually ('ailed caibon as- 
similation, or, if it is desned to emphasise the fact that the 
synthesis is dependent upon light, it is spoken of as photo- 
synthesis 

An essential and piobably the most impoitant agent m photo- 
synthesis is the chloroplast As we have seen, this ehloroplast is 
a mass of piotoplasm with which is associated a green pigment 
This pigment is called chlorophyll It is insoluble in water but 
it is leadily soluble in many oigamc solvents, e g alcohol, acetone, 
chloiofoim, etc A solution of it has veiy staking properties 
It has a magnificent glass green coloui with a led liuoiescence 
When viewed m thin layers by tiansmitted light it has a bnlliant 
gieen coloui If a glass vessel containing some of the solution 
is placed in fiont of a black backgiound and viewed with reflected 
light it appears blood-ied A thick layer of a concentrated solu- 
tion viewed by a stiong transmitted beam shows no gieen, but 
has the deep led colour of poit wine 

Dilute solutions examined spectioscopically show that the pig- 
ment has bioad absorption bands in the blue and violet, and four 
less extensive ones in the led, oiange, yellow and gieen Absorp- 
tion m the red is the most complete while m the gieen it is least 
marked The band m the led is veiy shaiply defined on both 
sides and the solution allows the deepest red lays as well as much 
of the orange red to pass untouched The other bands have 
indistinct margins which extend as the thickness of the solution is 
increased This peculiar absorption will supply you with the 
explanation of the striking fact that a thin layer of chloiophyll 
solution in transmitted light looks green, while a thick layer of 
the same solution undei similai conditions looks red In thin 
layers the absorption stops most of the oiange, yellow, blue and 
violet, while most of the green and the deep red aie transmitted. 
The latter is so feebly luminous that the solution appeals pure 
green When, however, a thick layei is used the feeble absoip- 
tion in the gieen becomes effective and practically all the visible 
spectium is obliterated save the deep led This lattci now be- 
comes visible when the moie luminous pait of the spectrum is 
cut off 

The fluoiescence is caused by the absoiplion m the blue and 
violet The light absoibed by these bands reappeais as red light 
which escapes from the solution With this fluorescence, how- 
ever, we need not concern ourselves, since it is only shown by 
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ciystalloidal chloiophyll Chloiophyll is in the colloidal state i 
the chloroplast and does not exhibit fluorescence 

The green colouring matter, as it is found m the chloioplasb 
is a mixtuie of fom pigments, two of which aie gieen and ai 
called chlorophyll a and b lcspectively. Chemically they aie bot 
esteis of methyl (CH^OH) and phytyl (C 2 oH 3t )OH) alcohols 1 
has been shown that they both contain magnesium This elemen 
is supposed to play a similai pail m the chloiophyll molecule t< 
that of iron in the molecule of hemoglobin, the pigment of th« 
blood Chloiophyll b contains more oxygen than chloiophyll a 
They are lepiesented chemically as follows — 

Chloiophyll a, C rj5 H 72 O r) N 4 Mg , Chlorophyll C M H 70 O<,N tl Mg 

Besides the two chlorophylls theie are two yellow pigment ‘ 
present in the chloioplasts called respectively caiotmand xantho 
phyll They appeal to bear a relation to one another similai tc 
that home by the chlorophylls to one anothei. Xanthophyl 
(C^H-^Cb) contains oxygen, while carotin, the formula of which b 
CjoHrifi, has none These four pigments have been found in the 
chloroplasts of all the highei plants so fai examined They aie 
present m about the pioportions of 14 parts of chlorophyll a } 5 
paits of chloiophyll 1 pait of caiotm and 2 paits of xanthophyll 

The exact 1 elation of the gieen colounng mattei to the chloro- 
plast is doubtful. It sometimes appeals as a film spiead ovei 
the surface of the chloroplast while some observers believe that 
the gieen colloidal substance intei penetrates the protoplasm of 
the chloroplast occupying cavities within it. 

As we have seen, the substances formed during photosynthesis, 
viz caibohydrates, possess a large amount of eneigy They may 
be oxidised and show a laige heat of combustion The substances 
from which they are built up, viz caibon dioxide and water, are 
fully oxidised and can supply no energy Hence it is evident 
that to effect such synthesis of substances containing a laige 
amount of eneigy from ones which, from this point of view, aie 
without any, a supply of energy is needed This supply is 
evidently diawn fiom the eneigy of sunlight, absoibed by the 
pigments of the chloioplast, which we know is necessary foi 
photosynthesis In fact, we may legaid the chloroplast with its 
pigments as a moleculai engine for converting law simple sub- 
stances with a small eneigy content into moie complex ones con- 
taining a laige amount of eneigy The energy for driving this 
engine is supplied by the sun How these engines effect this 
transference of eneigy into the products of photosynthesis is a 
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mysteiy Ls the combination of the law materials effected and 
the eneigy intioduced externally to, and without the alteration of 
the pigment of the chloroplast, just as we might suppose that a 
piece of clock woik might not only be manufactured fiom the 
law matenals but also wound up by an engine? or does the 
absorbed solai energy fust make the law materials combine with 
the pigments and aftenvaids sepaiate off the finished product 
with a portion of solai eneigy embodied in it? Our piesent state 
of knowledge cannot answei these questions definitely, but there 
is experimental evidence to show that the lattei is the more 
piobable hypothesis, and the chemical lelationship of the four 
pigments ol the chloioplast makes it appeal that temporary com- 
bination with them of the carbon dioxide to be used m the 
synthesis is piobable 

To conclude, the outstanding and fundamental fact must not 
be lost sight of, viz that the minute chloroplasts of plants aie 
natuie’s engines foi building oiganic substance from inorganic, 
and by means of them gieen plants not only supply themselves 
with food matenal and energy, but aie actually the puiveyors of 
food and of the eneigy of the sun to the whole of living nature. 
For natuially the food and eneigy which they supply to herbivor- 
ous animals is tiansmitted by these to the caimvoia which devour 
them 


PRACTICAL WORK. 

Cat off several short pieces from the tops of shoots of Elodea canadensts 
Immerse these in ram water containing carbon dioxide dissolved m it Note 
that bubbles are discharged fiom the cut ends of the branches when the 
leaves are exposed to bright light The stieam of bubbles slows down and 
ultimately stops when the light is cut off When one of these shoots is put 
into ram-water which has previously been boiled to remove the dissolved 
carbon dioxide no bubbles are formed on exposure to light 

Mount a detached leaf in water and cover With the low power obserse 
the general features of the leaf and note the dark lines m the central parts of 
the leaf. These aie the air-passages between the cells Estimate the di- 
mensions of the cells with the Ghost-micrometer 

With the high powei make a careful examination of one of the leaf cells 
which shows its structure plainly Observe the colourless cell-wall In an 
optical section of the vertical walls you will see their thickness. Compare 
the thickness of the wall with the width of the cell. Note the numerous 
chloroplasts lying dose to the wall Can you make out any lying near to 
horizontal walls ? With a narrow diaphragm you will be able to make out 
the protoplasm like a film against the inner surface of the cell-wall. The 
chloroplasts are embedded in this film. Very often a nucleus can be seen. 
It appears as a colourless transparent body lying m the cytoplasm, as the rest 
of the protoplasm is called, and it has a higher refractive index than the cyto- 
plasm Look for its nucleolus and membrane Notice the size of the vacuole 
Study the chloroplasts and look for starch grams in their substance. Make 
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measurements of the length and width of the cell and the w/t' ot the chlous 
plasts and nucleus by means of the Ghost-micrometer m a thin 4u e oi tin 
leaf . 

Make a carefi ’ 4 * - f 4l “-» cell, putting m all the stiuetmos you h iu 

observed By • try and pictute to youiseli \shat would he 

the appearance of a cioss section of this cell Make a thawing <>l )*>ui it 
construction 

Sooner or later while making these obstivations, the attention of the oh 
server will be arrested by the surprising fact that the chloiopkihls of some, oi 
of all the cells, are moving, 

It will be apparent that their motion is due to the motion oi tlx tvlopla an 
of the cells, which carries in its sti earning motion all the subsumes em 
bedded in it around the cell Minute obseivation shows that tlu inmunh 
ate surface of the piotoplasm next the cell-wall does not move, while the 
streaming affects the deeper layeis, At first when a leaf is pulled oil a plant 
and mounted, the cytoplasm is genei ally quiescent and stationaiy in the u IK, 
but usually after a few minutes of fieedom from inlei feience, motion giadu tlh 
reappears The first arrest of the motion is attributed to shock* Ax a uih* 
motion may first be detected in some of the long cells ot the mid nb At 
first it is very slow and appears almost tentative, a single chlotoplast or 
group is slightly moved, then the motion extends to a ktigei puce oi the 
cytoplasm and soon a stream is started which carries the ehloroplast** and 
nucleus slowly up one side of the cell and down the opposite Hide. The 
sti earning quickens Us pace and soon attains a maximum While these 
events have been taking place in one cell, smiihu phenomena may he Ntnu 
starting in the neighbouring cells, and soon m all m neatly all ot the alls oi 
the leaf this stieanung motion is in evidence so that the field of the mum 
scope presents a striking and busy appearance When the sti earning is 
sluggish it may often be accelerated by gently warming tlx pieparatmu, 
A temperature which kills the protoplasm stops the sti earning. It is a 
phenomenon of life and is a good example of one of the ho called spontaneous 
actions of protoplasm So far no satisfactoiy mechanical explanation of it 
has been given But it is certain that to maintain it an expenditure of eneigy 
is needed Work must be done to overcome the viscosity of the protoplasm 
Thus this motion is of special interest as being one of the visible process* x of 
the cell which consumes some of the energy acquired by the plant. 

Streaming may be observed m the cells of many plants but it ih Hoklom no 
marked as in the example before us. Usually the displacement of the vtumu* 
cell contents is very slow and imperceptible undet the ordinary condition* of 
observation 
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Wk have seen that Chlamydomonas obtains its caibon fiom the 
eaibon dioxide of the air dissolved in water. Complex carbon 
compounds such as piotems and carbohydrates are unnecessary 
fox it It builds up these compounds itself from inorganic sub- 
stances Similarly it does not lequne oiganic nitrogen-compounds 
to enable it to foim protoplasm, but strangely enough, like other 
plants possessed of ehloiophyll, it cannot directly utilise oiganic 
nitrogen It draws its supplies fiom the inorganic nitiates and 
possibly, to a less extent, from the salts of ammonia dissolved m 
the water wheie it lives In these lespects green plants occupy a 
unique position they alone can build up organic substances from 
inorganic All othei living beings require a supply of organic 
substances, and hence aie dependent, directly or indirectly, on 
green plants foi the food which they lequne to build up their 
bodies, as completely as they are dependent on green plants foi 
the eneigy which they lequire for then work 

The nutntion of oigamsms which, like Chlamydomonas, draw 
their supplies of carbon and mtiogen from inorganic sources is 
teimecl holophytie m contrast to the others which depend on 
oiganic substances for then food, whose nutrition has been called 
holozoic 

It may be noted here that, so fai as is known, no oigamsms can 
utilise elemental caibon or free hydrogen, and only few can make 
use of free nitrogen Free oxygen, on the othei hand, as we will 
presently see, enters very usually into metabolism 

When light is cut off from Chlamydomonas, as you saw, photo- 
synthesis ceases Observation also shows that under this condi- 
tion the starch in the pyrenoid slowly disappears Comparison 
with other similai plants also shows us that during this process 
oxygen is absorbed and caibon dioxide is formed Evidently a 
carbohydrate is being oxidised and its products of combustion, 
carbon dioxide and watei, aie being eliminated. The latter is lost 
in the already large quantity of water in the cell and is not notice- 
able. You will observe that this process, which is called lespna- 
Lon is the leversal of photosynthesis, and so, when photosynthesis 

49 4 
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is actrve, the products of lcspnation aie not observable bt tails 
all the carbon dioxide and water pioduted by rcspiiatmn ate bun 
up again into caibohydrates and nevei appeal So dial allhougi 
this piocess of lespiration is going on m the cell oi ( hl.umdomo 
nas without ceasing, it only becomes appaient when the ledm tioi 
of light reduces photos) nthesis sufficiently to allow it to pie 
ponderate 

As we have already seen the combustion oi i aibohyhates sol 
free energy Thus i giamme molecule (tn 162 g) ol staic h u 
complete combustion changing to caibon dioxide and water set' 
fiee about 685 Calories, or 1 gi amine of staieh can generate mon 
than 4 Calones This eneigy has been pieviously obtained lion 
the light absorbed by the chloroplast in photosynthesis, It is in 
tact solar energy Thus if a Chlamydomonas catties a state h 
grain weighing 1 x 10 “ 10 g (le about \ the si/e oi a yeast < ell) 
it could do work equivalent to about o 2 giam-centimetie, This 
energy is used in doing the work of life in the cell, much oi whi< It 
eludes our observation Some of it is visibly spent in pioprlling 
Chlamydomonas thiough the water, or in causing and maintaining 
the streaming motion of the piotoplusm as m the < ell oi Klodea, 
or again in raising the tempeiature of the cell Dining illumina- 
tion some of the substance actually being loimed is used up, and 
some of the energy being absoi bed at the moment is set bee 
for this work. In this case it is piobable that a soluble sugai 
such as glucose is oxidised, and gives up its eneigy Indore it lias 
been built up into starch Some piovision, however, must he 
made for times of darkness, duung which theie is still a demand 
foi energy for \auous processes This piovision is secured h> 
storing carbohydrates Theie is an obvious difficulty m stoiing 
large quantities of soluble carbohydiates like sugars, since as they 
accumulate they necessitate a rise of osmotic piessme. In a cell 
like Chlamydomonas this would ultimately lead to the expulsion 
of part of the semi -permeable protoplasm thiough the anteiioi 
opening in the cell-wall It is piobably to get ovei this difficulty 
that for storage purposes the soluble carbohydiates aie trans- 
formed into the colloidal state, in which then osmotic pies, sure 
practically disappears As energy is lequired, die colloid staieh 
is gradually letransfoimed by the agency of the eiuymes diastase 
and maltase into glucose and is respired piobably in that form* 
It is this conversion of starch into glucose which may be observed 
when Chlamydomonas is cut off fiom light 

But whether the energy is used daectly aftei it is absorbed, 01 
whether it is stored in the form of a soluble 01 colloidal radio- 
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hydiate, it is undei all circumstances solai eneigy which is 
absorbed in photosynthesis and made available in respiration 
Theiefou* all the 1 work done by plants is lefeiable to this source 
alone We can generalise still luithei and state that all the woik 
done by other oiganisms also — even by the highei animals — is 
ultimately to be ci edited to this souice , foi we have aheady seen 
that all 01 game nature is dependent on the chloiophyll of gieen 
plants toi its supplies of food and that it is fiom the substance of 
these plants all othei living beings chaw then supplies of eneigy, 
which leappears m their woik 

As in photosynthesis so m lespnation, we only know the be- 
ginning and the end of the pioeess The stages of the reaction 
ate unknown Thus it is quite possible that the absoibed oxygen 
does not duectly oxidise the soluble caibohydiates of the cell, 
but that it combines with the protoplasm and oxidises, in the fust 
instance, some atomic gioup m it, which is leplaeed subsequently 
by the available caibohydrates The end lesult is the same 
Eoi the carbohydrate is diawn on to lebuilcl the piotoplasm and 
disappears just as if it weie directly oxidised 

This view is mthei supported by the fact that dunng life pioto- 
plasm is continually dismtegiating, bi caking down into simplei 
substances These wasting processes, of which lespnation is one, 
aie classed together as catabolism The ptoducts of catabolism 
cannot always be distinguished fiom stages m the building up 
processes of the cell, namely, its anabolism, and piobably many of 
the substances found m the cell aie sometimes pioducts of cata- 
bolism and sometimes stages m anabolism dins is certainly the 
case with cm bon dioxide and watei Evidently such an arrange- 
ment is very economical rn matenal, but it seems only possible rn 
those oiganisms which do not liberate laige quantities of eneigy 
at a time Thus it is only in the more active animal kingdom 
that we find special organs developed foi the elimination of the 
waste pioducts of catabolism 

Some view the contractile vacuoles of such plants as Chlamy- 
domonas m this light and hold they aie oigans foi the elimination 
of waste nitrogenous pioducts fiom the cell They may also 
evacuate dissolved carbon dioxide, which howevei, without then 
intervention, diffuses out of the cell Ceitamly they act m this 
way; and rn oonfoimily with this view, contiactile vacuoles are 
only found in the vegetable kingdom m motile cells in which 
destructive catabolic piocesses setting fiee energy aie presumably 
very active 

It seems indeed moie philosophical to xegaid the contractile 
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vacuole not as an organ of the cell, but to view its expansions am 
contractions as phenomena necessitated by the umtimioiis a< 
cumulation of soluble ptoducts at one spot in a senii-petint abh gc 
like protoplasm The osmotic pressme geneiated by tin soluU 
piesses back the piotoplasm and expands the cavity in whit h tlu" 
aie, till the film sepaiating the vacuole fiom the stmounding wate 
luptures The solution is then free to escape This lehoves tin 
mteinal pressure and the elasticity of the gel asseits itself and tin 
vacuole collapses, its walls being foiced back by the gel lecownnj. 
from its distortion As soon as the exit is closed, aecunnilalion 
pioceedmg as befoie, causes a repetition ot the pioc ess 1 1 is ex 1 
dent that the phenomenon will only occui in those cells whose 
protoplasm is not supported by a cell-wall In otheix the tcnai it\ 
of the wall pievents the unlimited expansion and 1 upturn ot tin 
protoplasm It will be noticed that among vegetable cells, it e 
only the motile ones which do not possess a continuous cell-wall, 
and hence only m motile cells would xve expect to find < online - 
tile vacuoles 


Our next subjects foi study are some of the oigamsms con- 
cerned with decay and putrefaction which we take as typifying 
the vast assemblage of micio-orgamsms known as Bartel in. 

A very easy method of obtaining vanous examples ol the 
different forms of cells found in this gioup, is to gathei a little 
of any of the finer red sea-weeds fiom half-tide locks, and to 
keep them covered with salt water at room lempctatuic fm 
two or three days The watei lound the sea-weeds, which is 
at first clear, becomes dunng the first day or so more and 
more cloudy and turbid When a diop of this cloudy fluid is 
examined microscopically it will be found to contain consideiable 
numbers of protozoa, which may be seen swimming about in 

m °n U L° f s al r St ltn P al P ab ] e , s Pecks The specks are bactena. 
\\ hen the high power is used these specks ate just visible. Some 

fh thei f are motl ° n less while some are constantly moving ()1 
these latter some move with a steady motion, Unveiling fm 
long distances m a straight line, 01 on a huge cuive- others 
have an uncertain gait and move hithei and thither with t 
vacillating and flickering motion, and agam othms da.t on i 
zig-zag path in a series of short dashes, pausing now and then 
to indulge m a giddy whul The specks have no dtxt „ w . 
colour and are apparent m the flu/ owing to then high ’ re 
fracti ve index When the diaphragm of She i ic o co e s 
closed they appear like dark dust particles, whenTH^ed 
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they <u e blight like specks of glass It is easy to see that they 
aie not all the same shape Vast numbeis of them appeal 
as clots, and as they ictam this outline no matter what then 
movements me, we must conclude that they aie excessively 
minute spheies These aie called Cocci Numbers appeal 
as shoit lods with a length of 3-6 times then diameter Usu- 
ally these rods aie stiaight (Bacilli) but they occasionally aie 
curved (Comma bacilli) Then again we see occasionally 
elongated foims woiming then way among the lest with a 
sinuous motion These spnally twisted 01 coiksciew-shapecl 
oigamsms aie called by bacteriologists Vibnones when they 
consist of one 01 two turns, when they aie longei, Spmlla or 
Spnochfietes When stiaight bacilli coheie end to end they 
give use to a giowth-fonn called Leptothnx All these foims 
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Fig 10 — Various forms of bacteria, or, staphylococcus , b , diplococcus, c, 
streptococcus, d, sarema , c, planococcus , f } bacillus single ahum 
(monotrichous) , bacillus with two tufts, //, with one tuft of cilia— 

g and h are called lophotnehous forms, 1 and l peritrichous bacilli , k , 
filamentous bacilli , w, comma bacilli , n, vibuoncs , 0, spirochaetes 


axe exceedingly minute, as may easily he realised if yeast cells 
aie introduced into the fluid containing the bacteria. Some 
of the longest cells may attain a length equal to the yeast cell 
but then diameter is nevei moie than one-thud that of the 
yeast. In measurements of bactena it is customary to use 
the micion as the unit, r micron (/ x ) = ooot mm Thus the 
longest bacillus would be xo/a long, with a diameter of 1 to 
3/a. The cocci aie usually about i/a m diameteu A few aie 
even credited with a diameter of only 0*1 5 /a Sometimes the 
elongated kinds coheie togethei and foim comparatively long 
rods or thieads While we may thus gain some idea of their 
size relative to other small oigamsms it is by no means easy 
to visualise then absolute minuteness. Calculation shows that 
17,000 million bactena could fit m a cubic millimetre, while a 
single drop ot liquid culture might contain 10,000 millions In 
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emphasising the extieme minuteness of these organisms you must 
not lose sight of their giossness when compared with molecular 
dimensions Thus it has been calculated that the smallest 
coccus o 15^ in diameter contains at least 30,000 piotein mole- 
cules, which aie of couise vastly laigei than molecules of 
simpler substances They aie m fact about the same size as 
the colloidal pai tides spoken of m Lecture II 

It is not surprising that in cells so minute as these bacteria 
little structure is visible In some the protoplasm is seen to 
contain vacuoles and even granules may be made out embedded 
in it When the cell is plasmolysed the cell-wall may be dis- 
tinctly seen and it has been possible to show that the substance 
forming this wall is different from that of other plant cells, in 
that it is a piotein and not a carbohydiate The contents of 
the cell isolated from the cell-wall give the xeactions foi pro- 
teins , then physical propeities, eg semi-permeability, colloidal 
nature, lefnngency, transparency, etc, correspond to those of 
protoplasm, as do also their so-called vital properties, viz then 
susceptibility to exti ernes of temper atuie and to poisons Hence 
it is rational to conclude that they aie similar to the proto- 
plasmic contents of other cells The granules embedded m 
this protoplasm may often be shown to give the reactions of 
fats and of proteins No nucleus can be demonstrated with 
ceitamty, but it is impossible to deny that some of the pio- 
tein granules aie nuclei, especially when they give some of 
the special leactions of nuclear piotoplasm Natuially the 
stiucture which characterises the nuclei of laigei cells cannot 
be obseived The small size alone would preclude its observa- 
tion even if it were existent, and possibly may preclude its 
existence As it is we may legal d some of these scattered 
granules either as separate nuclei 01 as the fragments of a 
single disintegrated nucleus, or, perhaps, of one not yet organised 
The rapid motions of some of the cells leads us to suspect 
the presence of cilia. This surmise is supported by the ob- 
servation of suitably stained cells. But the demonstration of 
cilia in this case is one of great difficulty ; for not only does 
their extreme tenuity make them difficult to see, but the bac- 
terial cell exhibits the peculiar idiosynciasy of casting off its 
cilia when exposed to any severe shock Thus it happens that 
very often the act of killing detaches the cilia, and so when 
stained no cilia appeal Refined methods, however, have shown 
that many of the cocci possess a single ahum Bacilli may 
be more or less uniformly covered with cilia, they may possess 
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a tuft at one end 01 a single rilium Sinnlai < illation may he 
found in the eoiksuew-shaped vibnones and spud la 

If non-motde bactena aie kept undei continuous obseivation 
it may be obseived that the cells multiply by enlaigement and 
division Undei favouiable conditions the inteival between one 
division and the succeeding one may not occupy moie than 20 
minutes This appeals a modeiate uite ol icpi eduction for so 
small an oigunism The veiy minuteness of the ( ells favoms the 
piolongation of favouiable conditions of nutation, and it has been 
estimated, assuming a lepioductive division at the end of evciy 
20 minutes in each cell, that a single bacteiium would give rise to 
16 x ro 18 individuals in 24 hours Limited supply of maieiial 
and the accumulation of waste pioducts natuudly pi event the 
icalisation of such a lesult, as may be easily seen when the 
weight ol such a mass ol individuals is woiked out 16 x io ls 
individuals would weigh between 90 and 100 tons The calcu- 
lation has its value, howevei, in showing how quickly an 01 game 
medium may become ciowcled with bactena 

The consistency of the piotein cell- wall vanes widely In 
some species the wall is a thin membiane which appeals to be 
comparatively haicl and smooth Tn these foims the products 
of cell-division do not tend to coheie togethei, but the resulting 
individuals easily pail from one anothei eithei automatically 01 
as the lesult of external foices When they letain then ongmal 
positions but aie not bound togethei m any legular 1 elation the 
organisms foiming such a gioup aie spoken of as staphylococci 
In otheis the pioducts of division coheie and often become 
bound togethei by the outei layeis of the cell- walls, which are 
moie 01 less viscid and gelatinous. When the succeeding divisions 
aie parallel to one anothei the cohenng cells foim long chains, 
which, m the case of cocci, aie called stiepto-cocu II cohesion 
is tcmpoiaiy and only lasts till the mauguiation of the second 
subdivision, the cells of a growth 01 culture appeal linked together 
in pairs Such foims aie described as dtploeocci When the 
succeeding divisions follow at right angles to each other, small 
cubic bundles or blocks of cells aie foimed which are called 
sainnoe Again, when divisions follow one anothei m legulai or 
iiregular sequence while the whole cultuie lemains bound to- 
gethei by its gelatinous cell-walls, a gelatinous skin 01 him is 
formed which is often described as a zoogkea 

On careful microscopic examination some bactena show a com- 
paiatively laige enclosed granule occupying a large or even the 
gi eater part of the cavity of the cell. One 01 two of these bodies 
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may be found m the cell They appear to be fanned by the 
conti action of the protoplasm of the cell from the ongmal wall 
and iound them a second cell-wall is secieted They ate spoies 
Observation shows that they are often formed when a cultuie 
is drying up, 01 when waste pioducts aie accumulating in it 
When transferred to a new culture-medium, or when water is 
added to the desiccated material in which the spores find them- 
selves, these spores germinate by the solution or bursting of the 
cell- wall and division of the protoplasm It has been found ex- 
perimentally that these spoies aie much more resistant to adverse 
external conditions than the ordinary vegetative 01 giowing cells 
Thus, while, in many instances, the latter aie killed by desiccation, 
spores withstand complete desiccation for months 01 even ycais, 
also, while the terapeiatuie of 70° C, is usually filial to vegetative 
cells, spores may resist ioo° C or even no 0 C (and if thoioughly 
dried as much as 130° C ) and yet be capable of germination 

PRACTICAL WORK, 

Mount a drop of the cloudy salt water which has lain in contact with a 
piece of red sea-weed for a few days. 

With the high power study some of the innumerable specks in the field. 
Observe both the motionless and the motile ones. Find cocci, bacilli, 
comma bacilli, vibriones, spmlla, spirochastes, and leptothrix 

Dip a glass rod 01 needle into the culture and smear a little of the liquid 
on a clean cover -glass, spreading the liquid umlormly, leaving very little on 
the cover Set it apart till quite dry Drying may be hastened by gentle 
warming over a flame When quite dry take the cover in a forceps and, 
holding the smeaied surface uppermost, pass the cover two or three times 
through a Bunsen flame, This kills the bacterial cells and coagulates the 
colloids on the outside of the cells, fixing them to the glass Now place a 
drop of gent'an violet solution on the smeai and allow the stam to act 
lor 5 minutes At the end of this time wash the smeai thoroughly under 
a tap, shake off as much water as possible, and wash with a fine jet of 
methylated spirit Again shake off as much as possible and leave the smear 
to dry thoroughly. When quite dry add a drop of balsam, invert, and place 
on a slide 

The different forms present in the culture will be fixed, stained, and pre- 
served in this smeai -preparation. 

It is wise to make a smear-preparation every day after starting the de- 
caying sea-weed. On a certain day the variety of forms will be at its 
maximum. Previously to that, and subsequently, the less common forms 
such as spirilla may be hard to find. 

Careful examination of these permanent preparations should be made with 
the high power and the various forms observed should be recorded m sketches. 
Particular care must be taken not to let balsam come into contact with the 
high power Should the front lens, by any accident, become smeared with it, 
wipe the lens as clean as possible with a clean piece of linen or cotton, and 
then polish it with a fresh piece moistened with spirit 
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At first sight you might think it an almost impossible thing to 
obtain any exact knowledge on the metabolism (the constiuctive 
and destiuctive internal changes) of such minute oigamsms as 
bactena, especially as they aie geneially found m media of such 
a complex chemical natuie However, although oui knowledge 
of the physiology of bactena is far fiom complete, the leseaiches 
of bactenologists have opened foi us, by means of their ingenious 
devices, delicate methods and untnmg perseveiance, the entiy to 
a store of interesting facts regaidmg the metabolism of these 
organisms 

By special methods it has been possible to giow and accumulate 
sufficiently laige masses of bacteria to peimit of chemical analysis 
In this way it has been found that the same elements entei mto 
then composition as into other plants, viz carbon, hydrogen, 
oxygen, nitrogen, sulphur, phosphoius, potassium, magnesium, 
and calcium Thus we know that supplies of these elements aie 
needed foi then giowth When a mass of bactena is dned it 
loses about 85 pei cent of its weight This loss lepiesents the 
vvatet of the vacuoles of the cells and that held mbibed in the 
colloidal substances of the cell — pioloplasm and pi oleins Aftei 
diymg there lemains ovei about 13 pei cent, of the ongmal 
weight of piotem and about 1 pei cent of fat And if this total 
lesidue is burnt so that all organic substances are oxidised to 
form* carbon dioxide and water, theie is left behind a weight of 
mineral ash which repiesents sometimes as much as 1 per cent 
of the total weight These constituents are very similar to those 
found in other oigamsms and then relations to one another aie 
in no way exceptional 

The examination of the diop of watei taken fioili contact with 
the decaying seaweed showed you that there were many lands of 
bactena piesent which diffeied fiom one another in external 
foim It is possible that they also differ m then metabolism 
Furthermore, among those which resemble one another in form, 
there well may be differences m metabolism. Evidently there is 

57 



58 


Practical Plant Biologv 


but little chance of accuiately investigating the metabolism ol 
any one form unless we aie able to isolate the dilfeient types anti 
investigate them separately Otheiwise it will be impossible to 
decide whether any product obseived is the lesult of the < ombmed 
action of a numbei of diffeient kinds of oigamsms, oi is due to 
one alone Hence we find that the first gieat advances m out 
knowledge of the metabolism of baclena weie only possible altei 
the pioneers such as Pasteui, Tyndal, and Koch had elaboiuted 
methods of isolated culture 

The observation that bacteria giow and multiply most alum* 
dantly m organic substances furnished by living 01 dead plants 
and animals suggested the use of meat extract as a suitable 
medium for the cultivation of bactcua Foi vauotis masons 
which will appear latei on it is convenient that the* cult me 
medium should be transpaient and solid Those two conditions 
are fulfilled by filteiing the meat extiactand adding to it sullu unit 
gelatine to make it set at a suitable lempeuiture 

Having thus obtained a suitable medium we aie at once con- 
fronted with the difficulty that, being suitable to the giowth ol 
bacteria, very soon such quantities develop m it that it becomes 
rapidly decomposed This difficulty also nuscs a piohlem which 
caused much discussion during the last century, and in its solu- 
tion evoked a mass of expeiiment which added gieatly to mn 
knowledge and also largely impioved bactenological technique. 
In this discussion one side maintained that some 01 all ol the 
bacteria or germs which caused decay and puli deletion miginated 
m the medium by spontaneous generation The othei side held 
that they were the descendants of spoies oi cells introduced into 
the medium from contact with sui faces on which these cells lay, 
or that they enteied into it as dust borne m the am 

It was found that as a general mle when the vessel containing 
the medium was laised to a high tempeiatme and sealed hei* 
metically the bactena did not develop and decay was ariested; 
but, on the other hand, undoubted cases weie iccorded in which 
development of bacteria and piogressive decay took place in 
sealed vessels, which had been raised to a tempeiatme of too 1 ’ ( \ 
Inasmuch as it was known that protoplasm is killed at a tempera- 
ture a little ovei 70° C it seemed as if spontaneous generation 
had occurred, subsequently to the heating, m those vessels in 
which organisms and decay appeal ed. The latei diseovoiy which 
showed that spores might withstand a tempeiature of too" (\ 
put anothei complexion on the matter, and it soon transpired 
that no development of micro-organisms ocemred m those vessels 
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in which all the vegetative cells and spores had been killed by the 
simple iusc described by Tyndal as discontinuous heating 

In this method the vegetative oigamsms are killed by being 
exposed to a tenipeiatme of 75 0 to too 0 C Then accoiding to 
observation theie aieleft umnjuted only cei tain spoies which will 
be capable of geimination and giowtli These aie induced to 
gcimmate by the lestoiation of favourable conditions and when 
they have enteied upon their vegetative condition, the tempera- 
ture is laised once again and catches them in their susceptible 
condition Lest the timing of the second heating might have 
been unfortunate and have found some cells in the lesistant 
state, a second restoration of modeiate tempeiatuie for some 
horns and a thud heating is ananged Oiganrc substances thus 
tieated with discontinuous heat and kept fiee from external in- 
fection do not decay, do not produce bacteria noi do they give 
any indication that spontaneous generation has occuned Within 
them They are said to be sterilised And countless such 
stenlisations made daily attest the absence of pi oof for such 
spontaneous gen eiation as was formerly believed to be of common 
oecunence The sealing to pi event external infection during and 

aftei stenhsation was hist effected by using glass vessels and 
dosing the openings by melting the glass This method ha^ 
been almost entirely leplaced by the use of closely packed plugs 
oi cotton-wool, which aie found almost equally effective They 
act by hlteiing out the dust and consequently the dusl-boine 
bactenal cells and spoies ’The usual apparatus in which the 
piocess of discontinuous heat is applied to cultuie media is the 
(l steamei ” It has the form of a cylindrical metal vessel pro- 
vided with an internal shell on which the vials containing the 
cultuie medium may stand below the shelf is water, and the 
vessel is closed above by a lul with a small upertine to allow the 
escape of steam generated from the watei when the vessel is 
suppoited ovei a buinei When thus ananged the whole 
vessel becomes filled with steam and the vials containing the 
medium aie quickly laised to the tempeiatuie of steam 
Sometimes the “ steamer ” is nowadays leplaced by an 
“autoclave 99 which is essentially similai in its design, save that 
it doses hermetically and ih made so strong in the walls that it 
is possible to geneiate considerable steam piessuie in it without 
dangei The piessuie is legulated by a safety valve As the 
pressme of the steam uses, the temperatuie rises also, in this 
way the cultuie medium within is exposed to a tempeiatuie 
which will kill, not only the vegetative cells but also the spores 
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A temperatuie of 140° C is sufficient .By use ol the autorl.m 
a single heating suffices to effect sterilisation It is suitable f<> 
the sterilisation of any organic substances which might be ehanrt 
or injured by a high dry temperatuie 

The autoclave may also be used to stenlise vessels and msliu 
ments used in the isolation expenments spoken of at the In* 
ginning of the lectuie but most usually these aie stenhsed b) 
some form of hot air oven — a metal oven which may be health 
by the application of gas buineis to a tempeiatuie of 15CA200' 
C , and constructed so as conveniently to hold the vessels and 
instruments required 

Supposing by means of the piocesses just described we aie pio- 
vided with a few stenhsed test-tubes containing eultme medium 
(meat extract and gelatine) plugged with cotton-wool and u pel u 
dish (to be described later) we may at once addiess om selves to 
attempt the isolation of some of the baclena in the mixed giowtli 
m the seaweed, and proceed as follows — 

Thoroughly liquefy the gelatine medium m a plugged and 
sterilised test-tube by immeising it in water at about ^o° (A foi 
some minutes 


Loosen the adhesion of the plug of cotton-wool to the inside 
of the neck of one of the test-tubes, this may easily be done by 
holding the plug and gently rotating the tube Set fue to the 
projecting pait of the plug and when the outer mu face with any 
adherent bacteria is burned, extinguish the flame Take a pure 
of fine brass wire (24 B W G will do well) somewhat loom than 
the length of the test-tube Make a little eye at one end about 
3 mm in diametei Stenlise this loop and the adjoining low 
centimetres by heating it in a Bunsen flame; do not let it get u-d 
hot Allow the wire to cool without letting the looped end touch 
aiiy contaminated suiface. When it ,s quite cool dip it into the 
mixed growth m the salt water Still holding the wire between 

n e the r iS g h r ^ p Um K °u * e " ght hand > UkL ' «P the test-tube 
LlfJT, d t , P “ lch , tha P r °Jectmg end of the ootton-wool 
plug between the third and fourth fingei of the right hand and hv 
rotating and pulling on the test-tube lemove the plug from its 

fingers thrus/tf retalm ! lg the P% betw ecn the thud and fourth 
_ g f® thrust L the wire loop containing the drop of the mixed 

closed now m fhe tube^anTcut 
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At this point we may pioceed to sepaiate the individuals of this 
growth fiom one anotheu Place the test tube between the palms 
of the hands and incline the tube so that it is as nearly hon/ontal 
as may be without letting the medium touch the cotton-wool plug 
In this position roll the tube to and ho between the hands 
The motion will distnbutc the bactena tlnough the liquid medium 
To secuie uniform distribution a considerable amount of idling 
must be done When it is judged that this distribution is effected 
and the gelatine is still liquid wc must tiansfei it into a petn 
dish This lattei is a disk-shaped shallow glass dish covered by a 
smnlai but slightly laigei dish inveited ovei it. It has been previ- 
ously stenlised in a hot au oven Again bum the piojectmg 
cotton-wool, pinch the plug of the test tube as before between 
the light third and fouith lingeis and withdiaw it Gently laise 
the lid of the petn dish, using the finger and thumb of the light 
hand, and introduce the neck of the test tube ovei the dish and 
pom the liquid gelatine into it Close the petri dish and by 
suitably inclining it spread the medium unifoimly over its surface. 
Now leave it on a horizontal table to cool and set 

It will be undei stood that all these operations must be con- 
ducted in an as dust-fiee as possible, so that the chance of 
contamination while the medium is exposed may be reduced to a 
minimum With this in view, draughts and hasty movements 
which stu up dust should be avoided 

When the gelatine has set in the dish, the lattei may be placed 
aside foi a day 01 so, accoiding to the temperature If the dis- 
tubution has been satisfactorily effected, single individuals will be 
scattered through the layer of the medium in the dish Conditions 
being favourable, these cells giow and subdivide, and each becomes 
the originator of a tiny colony When multiplication has suffi- 
ciently pioceeded the colony becomes a visible speck Wheie the 
r ’ *■ " 1 . ’ 1 nils are sufficiently apait each colony is formed 

of one individual and is m lact what may 
be termed a pine cultuie By diiect observation we may often 
notice staking differences between these colonies The gelatine 
m the immediate neighbouihood of some is liquid, while around 
others it is unalteied The cells of the former colony have pro- 
duced an enzyme which liquefies gelatine, while the latter do not 
possess this power. Some of the colonics are pale pink in colour, 
others are cloudy white oi yellow. Differences also m the out- 
lines of the colonies will also be noticed. 

In oi dei to examine further these different kinds of bacteria and 
to keep them free from contamination, a special pioceduic must 
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be adopted Opening the pelri dish cautiously a stenlised piece 
of wile is stabbed into one of the colonies which we select foi 
fuithei examination, and thus infected the wire is stabbed deep 
into the still solid medium in a stenle test-tube Of eouise, the 
litual pieviously described is stnctly observed when opening and 
closing this tube It is now set aside foi incubation, as the pi o- 
cess of giowthand lepioduction undei defined conditions is called 

The giowth in the tube may now be submitted to vanous 
observations 

Sub-cultures taken from this pinnaiy puie cultuie may also be 
submitted to vanous expenmental tests, such as cultuie on 
vanous media containing ceitain substances and omitting otheis 
In this way mfoimation as to the natuie of the nutntion of the 
special bactena undei observation may be obtained 

Such observations have proved that the vast majonty of bactena 
aie holozoic in then nutrition, i.e they depend on oigamc sub- 
stances for then supplies of caibon and mtiogen, m conti ast to 
plants containing chloiophyll which diaw then supplies of caibon 
and mtiogen from moiganic substances, as has alieady been de- 
senbed This latter type of nutntion is called holophytic, as 
pieviously stated In the case of some bactena it is found that 
the oigamc substance must be supplied by living organisms 01 it 
is unfit to act as food These aie parasites and among them aie 
found many which cause disease Many of these natuial paia- 
sites can accommodate themselves to live upon dead organic 
substances and so grade insensibly into the sapiophytes which 
normally subsist on dead oigamc mattei. A very common and 
almost umveisally distnbuted saprophyte is Bacillus vulgar v> It 
is a long bacillus coveied umloimly with cilia and usually de- 
velops fieely in protein solutions By its activities and those of 
its confederates the pioteids aie giadually broken down into 
vanous simpler bodies, eg peptones, ptomaines and vanous 
aiomatic pioclucts and finally the inoigamc end products of pulie- 
faction, viz ammonia, free nitrogen, free hydrogen, carbon di- 
oxide, sulphuietted hydiogen, etc. Various bactena are concerned 
in these processes and leseaicli has not yet delimited the lole to be 
assigned to each The vast numbei of saprophytic bacteria, and 
the complexity of their nututive substances and their pioducts 
lendei the unravelling of the various changes and mutual inter- 
actions m the process of decay an investigation of great difficulty. 

For putrefactive bactena piotems can act as a source not only 
of nitrogen but also of caibon Culture experiments, howevei, 
show that many of them can also utilise simpler compounds to 
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provide them with these elements Thus foi example, Baalim 
coh lhmes when supplied with ammonium (blonde and glyccnnc, 
and Bacillus subtiln c an utilise ammonium Initiate and glycei- 
me, while Bacillus pyotyaneus easily diaws its mtiogen fiom 
potassium nitiate and its taibonfiom glucose 01 glyteime It 
has also been found that by vaiying the souice of eaibon, the 
povvei o( utilising vauous souiees of mtiogen may be extended 01 
lest noted 

A veiy icmarkable case is piesented by the mtnfying oiganisms 
(to be described latei) which even m absence of light aie able to 
supply themselves with eaibon fiom eaibon dioxide by means 
of the encigy supplied in the oxidation of ammonia ot nitious 
acid 

Again, bacteria aie known which aie able to assimilate the fiee 
mtiogen of the atmospheie 

The elements othei than eaibon and mtiogen lequned in the 
foimation of bacterial piotoplasm aie usually supplied from the 
watei and the soluble salts lesulting hom the disintegiation ot 
pioteins 01 fiom accidental mineial supplies 

In lespnation also bacteria piesent a laige numbei of vanations 
Thus some lespnefxee oxygen like the higher plants and animals 
These aie desenbed as aeiobic foims Others icspire combined 
oxygen and these are the so-called anaerobic bactcna Some- 
times mcliffeient forms aie found which can icspne equally aer- 
obically 01 anaerobically, When a stab infection is mtioclueed 
into a gelatine medium as in the tube of oui culluies, aeiobic 
bacteria develop only at the surface of the medium, anaeiobic 
only in the depths, while the mcliffeient develop all along the line 
of the stab So fiom the inspection of the giowth of a stab 
infection w r e can judge whethei the bacteiium is aeiobic, anaeiobic 
01 indiffeient 

Then again theie is much diversity in the substances which aie 
oxidised timing lespnation Pioteids, caibohydiates and alcohols 
aie commonly utilised Hut a gieat variety of matenals seem 
to be piessed into service and some veiy lemaikable cases aie 
known 

We shall fust considei the mtnfying oiganisms alluded to 
above 

As has been pointed out, pioteins are finally 1 educed, by the 
action of vauous sapiophytic bactcna, to ammonium salts, fiec 
nitrogen, fiee h>diogen, eaibon dioxide and sulphui etted hydrogen. 
The ammonia is fuithei oxidised by the lespiration of nitroso- 
bactena lo mtious acid, and the energy set free by this oxidation 
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becomes available foi these 01 gam sms But mtious a< id is 
capable of further oxidation and consequently fuithei hbuutmn 
of eneig> This fact is utilised by a second (Kiss of mtnfins, 
namely, the nitro-bactena which peiform this oxidation and aic 
able to eke out a subsistence by this means Alien then ampli- 
ation the nitrogen is fully oxidised and appeals as nitiales. The 
eneigy set fiee in the stages of oxidation of the mtiogen is not 
only used foi the woik of the cells such as is usually tamed out 
by respiratory eneigy, but, as was mentioned belote, it enables 
these organisms to build up oiganic substances fiom taibon 
dioxide and watei, effecting thus by means of chemical eneigy 
(Chemosynthesis) what gieen plants aie able to athieve by solut 
energy (Photosynthesis) 

Another very interesting example of lespiiation is afionled by 
the sulphur bactena These organisms aie found m any othei- 
wise suitable medium where sulphuietted hydiogen is to be had, 
eg in sulphur springs, or in watei where that gas is set tree h) 
putrefaction Their respiration is divisible into two stages. In 
the first the sulphuretted hydrogen is oxidised, and watei and 
elemental sulphur aie produced Microscopic obseivation of 
the sulphur bactena, which are among the largest known, often 
shows granules of this sulphui embedded in the piotopkism 
of the cells The second stage consists m the oxidation of the 
sulphur to sulphuric acid The two piocesses may be tepieseiUed 
in a simplified foim by the equations — < 

2H 2 S + 0 2 = 2 PI 2 0 + 2S 
2S + 2 H 2 0 + 3^2 “ 2 H 2 SO,| 

In both stages eneigy is liberated 

The examples just given illustrate a few points in the nutation 
and metabolism of bacteria, however, they must be legal ded as 
repiesentmg only m a very limited degiee the vast number of 
different modes of existence which aie found m this great gump 
of organisms, which is as yet but veiy impel fectly explot ed. 


PRACTICAL WORK. 

Apply the method described m the foregoing chapter of making a pure 
seaweed^ ^ ° f ^ gelatine llc l uef y in g bacteria from the mixed giowth m 

gelatme^ 17 & PUrG Culture of one of those which do not liquefy 

Make stained smear-preparations of several isolated colonies in the netri 
dish, and examine microscopically , " cin 
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In the piccecling lectuie the existence of many kinds of bacteria 
has been indicated, which diffei fiom one another m external 
foim and ciliation These constitute the so-called morphological 
geneia Among those which r.csemble one anothei m foim theie 
aie often great differences in the manner of nutution and res- 
piration, so that these moiphological units must be subdivided 
into physiological species It will i eadily be undeistood that it 
is the diffei ences m metabolism which constitute the impoitant 
distinctions m these foims so fai as then 1 elation to mankind is 
concerned In this connection may be mentioned the vast 
number of pathogenic organisms whose adaptations to special 
supplies of nutritive materials, peculiai waste-pioducts and powers 
of reproduction are of couise fat more impoitant than then mor- 
phological foim 

Then again these same ehaiacteiistics lend impoitance to othei 
bactcna which aie feared for then destructive action 01 valued 
for then useful intervention 

In the destruction of food-stuffs the saprophytes already men- 
tioned have a large share The many vanetics of putrefactive 
bacteria aie concerned in the spoiling of meat, and meat pieseiving 
processes aie essentially those of stenlisation and the cutting off 
of the access of bacteria These same putrefactive bactcna, 01 
some of them, may destroy milk, but the chaiactenstic souring of 
milk is caused pie-eminently by a special baetenum which pro- 
duces lactic acid (CH 3 CHOH COOK) from lactose (milk sugar 
CiaHaaOn) Tire acidity thus developed is unfavouiable foi the 
growth of the putiefactive bactcna. Anothei familiar example 
of one of these piocesses depending on the special metabolism of 
a baetenum is the souring of beer and wine. In this a bacterium 
participates which oxidises ethyl alcohol (C2H5OH) and foims 
acetic acid (CH.COOH). 

But certainly one of the most important processes (if not the 
most important) m which bacterial metabolism plays an essential 
role is that of the circulation of nitrogen in organic nature. 
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It has already been pointed out that all oigamc natuie is in- 
debted to green plants foi its supplies of food and eneigy All 
animals depend on them foi their mtiogenous food The gieen 
plants themselves obtain nitiogen chiefly in the foun ol nitiutrs 
and to a lesser extent as ammonia salts fiom the soil — 01 like* 
Chlamydomonas fiom the water in which they live Consulting 
the rate at which plants grow and the quantity of then mateual 
which is constantly being used up foi the supply of mtiogenous 
food material for the animal kingdom, we would natmally expert 
to find large stores of nitrates and ammonia salts m the soil It 
is then surprising when it tianspnes that these substances can as 
a rule be found only with difficulty m soils suppoitmg luxunant 
vegetation Evidently the supply, which at any one moment is 
vanishingly small, must constantly be leplemshed fiom some con- 
tinuous source 


As we have seen, putrefactive saprophytes lueak down complex 
proteins into simpler ones and finally pioduce from then disin- 
tegration, ammonia, free nitiogen, free hydiogen and sulphmetted 
hydrogen These organisms then, seizing on the dead bodies of 
all animals and plants and their waste-pioducts, pass then nitio- 
genous substance thiough then metabolism and give use to 
ammonia as a final product Once this stage is leached putre- 
factive bactena can no longei obtain the eneigy foi subsistence. 
But other bacteria aie able to utilise this pioduct as a souice of 
nitrogen and energy The mtioso-bactena can oxidise ammonia 
to nitrous acid and use the eneigy set free by this oxidation foi 
the assimilation of carbon from carbon dioxide and foi the othei 


requirements of life At the same time some of the nitiogen is 
assimilated The third transfoimation is effected by a third gioup 
of bacteria, the nitro-bacteria, which fuithei oxidise the mtious 
acid to nitrates Appaiently a large variety of sapiophytes par- 
ticipate in the disintegration of the proteins into ammonia, and 
parasites assist in the earlier stages prepaung the way foi the tiue 
saprophytes It is remarkable that not only do the nitioso- and 
mtro -bacteria not require piotems foi then metabolism, but even 
1 t £ >resence P r °tems seems to be poisonous to many species 
oi them , so that they only develop in quantity when the pi oleins 
are disintegrated As each step in thus process has to wait on 
the progress of the preceding one, an equable and steady supply 
of nitrates is liberated in the uppei layers of the soil It is fiom 
this supply that green vegetation assimilates its nitrogen, buildimr 
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Fiom this shoit account of the circulation of nitrogen you will 
lealise that eveiy oiganism in the animal and vegetable kingdoms 
depends foi its existence on the iunctionmg of each link in the 
complex chain On the efficiency ol each link depends the 
amount of living mattei possible at any one time on the eaith 
Heie I would like to diaw yom attention to the fact that, as a 
lesult of putiefaction, some of the nitiogen ot the pioteins is set 
ftee fiom the cycle This constitutes a leak as it weie in the 
system And so fai as it is concerned, it does constantly act so 
as to 1 educe the amount of life possible on the eaith Foitu- 
natoly, howevei, theieaie othei piocesses at woik lestonng the 
balance and intiodiumg nitiogen into the system Foremost 
among these aie the activities of a veiy peculuu gioup of bacteria 
These oigamsms aie found in the soil in the loots of leguminous 
plants (the group of flowenng plants to which the pea, clovei and 
acacia belong) These bacteua enter the loots and there give 
use to nodules 01 tumouis, and supplying themselves with energy 
from the oxidation of the caibohydiates of then host, they aie 
able by some wholly unknown mechanism of their joint metabolism 
to build up atmospheric nitiogen into pioteins The lesult is 
that the supply of mtiatcs in the soil is leinfoiced when the host 
and parasite aie ultimately mtnficd by the bacteua of the nitrogen 
cycle, and thus nitrogen is introduced into the system 

We will now turn to the consideiation of a wholly cliffeient 
oigamsm — Spuogyra Theie aie several different species of this 
plant One of the commonest is Spuogyra porticahs They are 
usually to be found in ponds or veiy slowly moving water, where 
they foim a mass of green When taken up into the hand the 
mass has no tendency to foim a mat, but leadily sepaiatcs into 
numeious filaments of gieat fineness This ready separation is 
due to the nature of the material and to the lact that the filaments 
aie unbianched so that they veiy easily move ovei each othei and 
do not tangle togethei 

Foi micioscopic examination a lew ol the filaments should be 
mounted in a drop ol water and coveied Inspection even with 
a low powei discloses an oigamsm of extienie beauty Down 
each filament of ciystallme tianspaiency urns one 01 moie spnal 
bands of the purest green Attentive observation shows that, 111 
addition to these bands, each filament canies a series of tiansvcise 
markings which subdivide it into a succession of umfmmiy sized 
poitions, and sometimes a darkening and irregularity of the green 
hands marks the middle of each of these poitions. 
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With the highei objective Spnogyia reveals fuithei beaut \ 
Careful focussing shows that each filament is made up ol <}lindn 
cal cells The first thing that will impiess you is the magnificent 
colour of the bands m the cells Focussing cleaily <U monst Kites 
that each band passes round the cential cavity ol the < ell m a 
spiral path, within and veiy close to the cell-wall If the dia- 
phragm of the microscope is partly closed this spnal thlmopUsi 
will be seen to be embedded m a thin layei of piotoplasm lying 
against, or lining, the mnei suiface of the cell-wall The cell- 
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which shows this motion Each chloroplast is nbbon- shaped, 
slightly giooved on its outei and bowed on its inner surface 
Theie is a thickened rib lunning down its middle-line Its 
maiginsaic 11 regularly indented The mid-rib appears thickened 
at icgulai mteivals into little knobs consisting of a protein mass 
sunounded with staich giams These aie pyrenoids By suit- 
able micioscopic manipulation it will appeal that the chloroplasts 
aie wholly embedded in the cytoplasm and that this lattei sur- 
lounds a laige cential vacuole, containing a clear colourless fluid 
Tn the centie of the vacuole one can often plainly see a nucleus 
suspended It is a lens-shaped capsule foimed by a nuclear 
membiane enclosing a di op of clear fluid m which is suspended a 
highly lefimgont speck, the nucleolus Geneially 111 healthy cells 
tlie axis of the cylindrical cell coincides with the axis of the 
lenticular nucleus, but a slight mechanical mjuiy or chemical 
stimulation causes it to lotate so that its axis is at light angles to 
that of the cell and it presents a cuculai outline to the observer 
Tt will be noticed that a thm film of cytoplasm adheres to the 
outei sui face of the nuclear membiane and fiom the capsule so 
formed enclosing the nucleus veiy fine filaments of cytoplasm ex- 
tend and connect the capsule with the cytoplasmic lining of the 
cell-wall It will be noticed that most of these filaments may be 
tiaced to the cytoplasm in the immediate neighbourhood of a 
pyienoicl 

vSo Air as is known the metabolism of a cell of Spuogyra is veiy 
similar to that of Chlamydomonas. When exposed to light and 
when the watei which surrounds it is charged with carbon dioxide, 
as is normally the case, the evolution of oxygen bubbles shows 
that photosynthesis is being carried on Duiing this time suitable 
observations show that the starch 111 the pyrenoids increases 
Spirogyra lives in water that is fiee from organic mtiogenous 
compounds and it evidently obtains its mtiogen from the traces 
of dissolved nitiates in the water surrounding it Hence its 
nutrition with icgard to caibon and nitrogen is typically holophytic 

Its 1 aspiration is aeiobic and if the water m which it lives is 
deprived of dissolved oxygen, Spirogyra dies 

Possessing a complete cell-wall Spirogyia has no conti actile 
vacuole and hence no special appaiatus which eliminates dissolved 
substances including waste-pioducts Such active elimination 
seems rendered unnecessary by the very economical metabolism 
which Spirogyia possesses in common with the majority of tne 
\i *1 laVo kingdom. Thus the waste-products of its catabolism, 
both mi iogenoiis and carbonaceous, act as the raw materials of 
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anabolism foi the assimilation of nitiogen and foi photosynthesis, 
Hence excietion becomes unnecessary 

The accumulation of assimilated ma tonal is uu ommoduted h) 
the giowth and elongation of the cell Aftei continued elonga- 
tion the nucleus divides The two lesulting nuclei lenuin con- 
nected together by a ban el -shaped mass of cytoplasm occupying 
the middle of the cell At the same time an annulai deposit <d 
cellulose may be observed foiming on the inside of the eylmdnial 
suiface of the cell-wall about midway between the two end walls 
This annular deposit mcieases until it foims a duphmgtn pai daily 
dividing the onginal cell into two The ban el -shaped mass con- 
necting the nuclei is ultimately encroached upon by the gmdua) 
closing of the peiforation in the diaphiagm and the ehloioplasts 
are also cut m two by it Finally the peifoiation ('loses entile!) 
and divides the ongmal cell into two sepaiate compailments each 
having its own nucleus which now diaws away hom the partition 
and occupies the middle of the new cell The now eel! may now 
grow and the piocess be lepeated It is obseived that <'(‘11 and 
nuclear division usually take place during the night 01 eaily horns 
of the morning but when once started they may Ik* delayed b) 
exposuie to a low tempeiature 

Growth and cell division may take place in any cell and lead 
to the lapid lengthening of the filaments The adjoining rolls 
of the filaments are veiy slenderly attached to each othei so 
that the lengthened filaments easily bieak into pads. Thus 
multiplication and leproduction is effected. This method <>l 
repioduction is very piohfic dunng the growing peiiod o( the 
cell, viz m spring and summei 

Besides this asexual method, Spirogyia has a sexual method 
of reproduction, to which it appeals to resoit at the end of a 
period of vigoious growth At this stage Spirogyra takes on a 
very different appearance and also feels difieient to the touch. 
It loses its brilliant colour and becomes giadually pale 01 even 
brownish Its filaments meet together and foim a tangled mass, 
The process, which is called conjugation, begins by each of the 
opposite cells of tw r o adjacent filaments pushing out a slight 
piommence on the side neaiest its opposite neighbour. The 
protoplasm of the cells extends out into these outgiowths which 
become tubulai in form and aie each dnected towaud the similai 
outgrowth from the opposite cell Aftei close contact has been 
established between the opposite pairs, the walls covenng the 
ends of the outgrowths are dissolved and the contents of the 
two cells come into union with one anothei thiough this “ con- 
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jugation-tubc,” as it is called As soon as the two masses of 
piotoplasm 11m togethei in the conjugation- tube the piotoplasm 
remaining m the cells begins to draw away fiom the cell-walls, 
appai ently by a reduction m the size of the vacuoles The 
leti action is much moie mailced in one of the pan than m the 
other, and finally the piotoplasm evacuates it entuely and is 
diawn ovei and passes tlnough the conjugation-tube into the 
othei cell In this cell the total piotoplasm of the two cells, 
cytoplasm, nuclei and chloroplasts, fuses to form an egg-shaped 
mass A stiong cell- wall is secieted round this compound 
mass, 01 zygospoie as it is called, and a peiiod of lest is entered 
upon, dunng which the zygospoie often icmains enclosed in 



Fic, 12 —Spirogyra porticaUs , conjugating cells, x 125. A, beginning of 
the formation of the conjugation processes, B, processes m contact, 
C, conjugation-tube completed by solution of end-wall of piocesses, 
fusion of the two cells effected, male cell is seen passing into the female 
cell, D, zygospore lying m the female cell-wall. 


the oiigmal wall of the conjugating -cell At the end of its 
rest the outei layei of the zygospore's wall gelifios at one point 
and a tubulai extension of the innei layer is thtust out, thus 
convening the egg-shaped zygospoie into a moie neaiiy cylmdiical 
cell The protoplasm within thus obtains space to distend itseli 
and the chloroplast to uniavel till the zygospoie giadually as- 
sumes the appearance of an adult cell of Spnogyia. As it 
elongates it uiptmes the enclosing cell-wall ol the oiigmal eon- 
jugatmg-celL At fiist one end of the young plant, 01 embiyo, 
is veiy often nanowet than the othei and into it the chloio- 
plast does not extend. This nanow, colourless end 01 piocess 
takes on the function of a suekci and attaches the embiyo to 
solid objects Soon, howcvei, cell-division pioduees a filament 
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from the embiyo, and fracture sepaiates the plant from this 
tiansitory oigan of attachment 

Thcie aie many points of intei est laised in this sexual ie~ 
pioduction of Spuogyia In the fust place, what happens within 
the mass foimed by the two uniting cells? Dnect obscivation 
gives us no clue The mass is so dense and contiacted that 
the behavioui of the chloioplasts, much less that of the nuclei, 
cannot be followed In vestigatoi s, howevei, by using veiy lefmcd 
methods of killing conjugating cells at vanous stages of the 
process and by using stains which colour diffeientially the 
various paits of the cells have been able to give us an account 
of these mystenes The chloioplast of the cell which moves 
acioss the conjugation-tube disappears — apparently dissolved 
01 digested in the mass of piotoplasm The two nuclei come 
into contact with one anothei and fuse into one. This single 
nucleus divides immediately and the resulting two divide again 
Two of these suffei the fate of the chloroplast and the lemaimng 
two fuse and produce a single nucleus foi the zygospoic Thus 
the zygospore finally contains the cytoplasm and the fused 
fragments of the nuclei of the two cells and the chloioplast of 
the cell which has been quiescent cluiing the piocess 

Evidently then the plant coming from the zygospoic, 01 cell 
foimed by the sexual method of reproduction, cames matenal 
deuved from two individuals This may affect the offspring m 
two opposite ways It has a two-fold possibility of inheriting 
idiosyncrasies, at the same time the idiosyncrasies of one paient 
will tend to be nullified by those of the other. These differences 
between sexual and asexual reproduction should always be borne 
in mind 

In the conjugation of Spnogyra two complete individuals 
fuse — the whole individual acting as a sexual cell and passing 
complete into the zygospoic, where its activity le-awakens in 
the next generation The process is apparently repeated in- 
definitely so that, apait from accidents, we may regard the proto- 
plasm of Spuogyia 01 Chlamydomonas (which m this i aspect is 
similai) as nnmoital It simply undergoes subdivision and 
fusion 

These two oigan isms fuithei lesemble each other m the fact 
that the two cells which fuse in sexual reproduction are, ex- 
ternally at least, similai to one another. It has been pointed 
out that in the process of conjugation m Spiiogyra one of the 
fusing cells — gametes — exhibits moie motion than the other and 
is consequently often spoken of as the sperm or male cell, the 
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quiescent cell* being legarded as the female gamete 01 ovum. 
Howevei, befoie the piocess begins, the two aie not visibly 
chffeientiatecl It will often be noted that all 01 most of the 
cells of one filament behave as speuns in i elation to an ad- 
joining filament Thus we may say that the filaments aie 
male and female In ceitam species of Chlamydomonas the 
gametes aie ol difletent sizes and the laigei are supposed to 
be the ova 

Wheie theie is a maiked diffeientiation between the sexual 
cells the fusion process is usually spoken of as fertilisation 

Anothei point natuially aiouses speculation when the conjuga- 
tion of Spirogyia is obseived What can evoke the outgiowth 
of the conjugation-tubes? How aie they clnected towaids one 
anothei? It would be highly unsatisfactory to alliibute this 
growth to some mysteuous telepathy, action at a distance As 
was pieviously pointed out our knowledge of the ultimate struetuie 
of piotoplasm and of the tiansfounations of eneigy which take 
place within it, is so vague that m these cases of so-called vital 
action we cannot hope to see the dneet connection of cause and 
effect; but at any late we may look foi the stimuli which evoke 
ceitam 1 espouses 'Hie cells, so lax as we know, have no 
visual oigans In this case the stimulus is veiy possibly a 
chemical one Tire adjacent cells may libeiate some substance 
into the watei which is perceived by both 01 they may, as it has 
been suggested, depuve the sunoundmg water of something, e g. 
caibon dioxide, and the absence of this acting as a stimulus may 
evoke as lesponse the growth of the conjugation-tubes If this 
last suimise is founded on fact we would have anothei instance 
of starvation acting as a stimulus in sexual reproduction 

Again, it is conceivable that the pioduction of the conjugation- 
tubes is the clued lesult of the development of a cellulose 
softening enzyme which lequues the addition of a ceitam 
c oncentiation of a soluble diffusable substance (co-en/yme) to 
make it efficient This co-enzyme may be supposed to diffuse 
out in all dii actions but only attains sufficient eoneentiation 
between the filaments It is theiefoie only on the adjacent 
aspects of the cell-walls that sufficient softening o<eius to seeuic 
the yielding of the wall to the internal osmotic piessme. The 
fust beginnings of the conjugation-tubes aie the lesult of this 
yielding The subsequent dneetion of growth of the prominence 
(01 bulge) thus piociuced is determined by the legion of greatest 
eoneentiation which will evidently he towards the eonesponding 
outgrowth of the opposite cell The obseived fact that a cuirent 
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of watei is inimical to the pioduction of conjugation-tubes sup- 
ports this view 


PRACTICAL WORK. 

Mount a few filaments of Spirogyra and cover 

First examine and sketch with low powei. Estimate the dimensions of 
the cells by means of the Ghost-micrometer 

Examine with the high power Notice the course of the spnal chloio- 
plasts by use of the fine adjustment Identify the cell wall and focus 
particularly to observe its thickness By closing the diaphragm obsuve the 
layer of cytoplasm in which the chloroplast is embedded, Look for motion 
m its outer layer Observe the serrated margin of the chloroplast, its mid lib 
and pyrenoids Focus foi the nucleus and observe its membrane and 
nucleolus Notice the capsule ot cytoplasm coveung over its suitace and Uu 
filaments extending from it to the layer of cytoplasm lining the wall Tract* 
these filaments by means of focussing from the capsule to their outei ex- 
tremities 

Make three drawings of the cell as seen at three dilfcient levels (i) Focus 
for an optical plane or section cutting the cell just within the near curved 
surface of the cell- wall and tangential to the nearei turns of the chloroplast. 
Fill in all the details m your sketch which you can observe without changing 
the focus This upper tangential section should show a continuous sheet of 
cytoplasm lying inside the part of the cell-wall nearest the observei and in 
this sheet those poitions of the chloroplast which are approximately m the 
same plane These appeal as oblique stiaps in the field, their ends passing 
out of focus As you focus downwards {2) the median optical section comes 
into view, and the near parts become hazy and disappear The cell-wall 
appears as a very narrow refrmgent 1 - - 1 r Jl # 1 1 le cell. The cyto- 
plasm is within this and is much ' The chloroplast 

appears as a number of isolated crescentic green patches in the cytoplasm. 
The hollows of the crescents are turned towards the cell-wall, Cenhullv 
may be seen the nucleus — its membrane and nucleolus. Usually a tuft of 
cytoplasmic filaments takes origin from the cytoplasmic capsule ol the nucleus, 
where the latter is closest to the peripheral cytoplasm Focus still dee pel 
and you will see (3) the further tangential optical section. It resembles in 
all respects the nearer one, save that the slope of the portions of the chloio 
plasts in focus is m the opposite direction 

From the consideration of these three sketches reconstiuct a transverse 
section of the cell passing through the nucleus 
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The types which we have examined so fai, Chlamydomonas, 
Saccharomyt.es and Spnogyia, aie umcellulai plants That is, 
eacli cell is a complete plant and dischaiges all the functions of 
life It assimilates, lespnes, hees itself horn waste-pioducts, 
grows and finally lepioduces itself In Chlamydomonas the cells 
btealc apait as soon as they aie foimed and pmsue a sepaiate 
existence so that theie can be no question that each sepaiate 
individual consists of a single cell. The same appeals true of 
Sacchaiomyces, in which as soon as the budded cells have attained 
a mature size — 01 even earliei — they aie so easily sepaiated fiom 
one anothei that under noimal conditions each becomes inde- 
pendent and canies on a sepaiate existence But it was also 
seen that undei special conditions — for example, m the gelatine 
cultme — the sepaiate cells lemamed togethei and formed a 
blanching system which might icmind one of the highei plants 
Iiowevei, this coherence is purely accidental and the individual 
cells, notwithstanding their pioximity to one anothei, ate each 
complete individuals and dischaige all the functions of an in- 
dividual The accidental eoheience of the individuals of 
Sacchaiomyces naturally leads us to the case of Spiiogyia Heie 
coherence is more than accidental and is the geneial rule But 
notwithstanding this fact, the sepaiate cells of Spirogyra are rightly 
legal ded as individuals, and the filament as a colony Each 
cat ries on its own life-piocesses independently ol the rest. In 
the mannei of carrying on these processes they aie not influenced 
by then neighbours, and the piotoplasm of each cell is completely 
isolated fiom the lost by its cell- wall. Only in then sexual ic- 
pioduction do they show any diffeientiation, and that differentia- 
tion, such as it is, is a diffeientiation of individuals which m this 
case are unieellulai Such umcellulai individuals, which not onl> 
dischaige all the vegetative functions but also give use by division 
to new individuals, aie, as has been pointed out, putting the chance 
ol accident on one side, immoital 

In this lectuie we come to the study of an oiganism which 
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crosses the bordei line separating uniceltulai and multicellular 
plants 

Volvox is found in fresh watei, veiy often m the pools or (hlehes 
of woods and forests It has the foim of a lianspaient, gelatinous 
spheie approaching 01 even attaining half a lmlhmetei in 
diameter It is of a diaphanous giecn coloui Then* aie lew 
who would not be impressed by the unique beauty ol its uppt .u » 
ance Microscopic examination shows us that in the- health) 
condition the spheres of Volvox aie motile, and that while they 
steadily advance thiough the watei m one direction, with one pole 
constantly pointing foi wards, they also rotate with a stately motion 
round that pole in the line of then advance Then lute ol pio- 
giession is about i mm pei second It also is seen that the 



Fig 13 — Volvo x aureus , asexual 
sphere, x 80 Young spheres 
are seen within the parent. 


gieen colour ol the spheie is 
due to countless specks (they 
vaiy m numbei liom 200 to 
50,000) situated neai the sur- 
face of the sphere and em- 
bedded rn a coloui less, hyaline 
nmtcual A lew larger green 
bodies may be seen in many o( 
the spheres Focussing and 
manipulation of the light shows 
that the central region of the 
spheie is clear and apparently 
filled with watei 

With a high power and re- 
peated manipulation of the 
light the outer surface of the 
hyaline jelly which forms the 


j , , vvein 01 me spuere may he 

made out and it will be noted that while the tmnsition (5 the 

mt ° the J water ls abrupt and a defined suiiace is 
visible, on the inner side this transition is gradual and the jelly 

embedded'n ^th the WatGly bpace Wlthin The green bodies 
embedded in the jelly, seen as specks with the low powoi an* 

now easily made out to be cells Each is a tiny peai -shaped mass 

of protoplasm (say about & P . long) with its nairow end just reach- 

mficirth™ ° f th V dly - Thc *«*» 

end of he cS ° grcen pi S ment lo ^«cd in the inner 

u *, tl l, cel \ The P 1 & men t IS associated with a bell or cam- 

ofThe thickened 1 hkS ^ °5 Ch , laniydomonas - la the substance 
th ^hened, inner and closed end of the chloroplast a 
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pyienoid may usually be seen, and a nucleus lies in a central 
mass of protoplasm filling the hollow of the chloioplast The 
tapeied end of the cell is colouiless like the beak of ChUmydo- 
monas, and in this part may be seen, undei favouiable conditions, 
two contiactile vacuoles Further, the similanty between these 
cells and Chlamydomonas is strengthened by the possession of 
two cilia which extend fiom the outei end of the cell into the 
sunounding watei [t is the vibiations of the cilia of all the cells 
which confei motility on the sphete An eye spot oi stigma like 
that of Chlamydomonas is found in those cells oi the spheie 
which lie round the antenoi pole. On the whole we may legal d 
Volvox as an aggiegation ol cells similar to the individuals of 
Chlamydomonas The cell-walls of the cells have become gela- 
tinous and fusing together form the hyaline wall of the sphere 
Using pioper fixing (oi killing) fluids and suitable stains it is seen 
that a well-defined pellicle shaiply delimits and covets the swollen 
cell-walls at their outei sui face and is leflectecl radially inwaids 
along then suifaces of mutual contact The same treatment 
establishes the fact that then internal walls gradually merge into 
the central watei y cavity 

But although the limits of these greganous cells aie thus shaiply 
defined towards one anothei by the outei layei of then cell-walls, 
caieful observation of a tangential optical section shows that each 
mass of protoplasm (protoplast) is connected with its adjacent 
fellows by extremely fine fibrillaj of protoplasm These form a 
network throughout the wall of the sphere, each protoplast oi 
cell occupying a nodal point of the meshes Hence it is that 
all the protoplasts of the spheie aie dnectly connected with one 
anothei and the protoplasm of the sphere is continuous through- 
out. Generally these fibnike are single, sometimes, however, 
several parallel fibnike connect adjacent cells. 

In oui preliminary observations the steady progress of the 
spheies through the watei was noticed A few trials, by turning 
round the preparation and cutting off dneet light, will convince 
an obseivei that this motion is a response to the stimulus of light, 
m this resembling the motion of Chlamydomonas It is evident 
that to diiect the motion of Chlamydomonas the co-oidinated 
motion of its two cilia is necessary and presumably the stimulus 
received by the stigma is transmitted to the piotoplasm at the 
base of the cilia and theie liberates energy to activate the cilia. 
The motions of these cilia must be co-oidmated with the direction 
of the light so that they exercise a turning force on the cell un- 
less its axis points along the path of the illuminating beam In 
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Volvox evidently, the co-ordination must be of a more complicated 
nature, for while the cilia of the cells immediately at the anteiioi 
pole may act in a way compaiable to a single cell of Chlamydo- 
monas, those at the eqnatoi and at othei paits of the spheie must 
lead dififeiently to the light, and in oidei to pioduce the piopei 
propulsive and onenting foices which make the spheie move to- 
wards the source, stimuli fiom the cells beaiing stigmata must be 
conveyed to eveiy othei cell and the lcsponses must be so h«u- 
monised and co-oidinated that the observed steady motion will 
be produced Probably the elaboiate netwoik of protoplasmic 
fibiilke finds one of its functions in transmitting these co-oi dilut- 
ing stimuli 

Just as in the case of Chlamydomonas, a modeiate light stimulus 
attracts Yolvox An intense beam of light, on the othei hand, 
repels it When cut off from light the spheie wandeis about ex- 
hibiting a so-called spontaneity m its motions This spontaneity 
is probably to be attributed to infinitesimal stimuli, olten of a 
chemical nature, 01 its actions may be determined in pail by the 
previous history of its vanous constituents acting like the hysleiesis 
of colloids and pioducing effects which aie often spoken ol as 
physiological memoiy 

So far as is known the nutation of Volvox lesembles that of 
Chlamydomonas It obtains caibon by photosynthesis The 
evolution of oxygen and the giowth of staich in the pyienoids 
tells of this process Also its acquisition of nitrogen is from 
nitrates It is m fact a holophyte Simultaneously with its ('(in- 
structive processes, destructive changes aie taking place m Us 
cells The chief of these is lespiration and its waste products, 
carbon dioxide and water are eliminated, while fiee oxygen is 
absorbed It is this aeiobic respiration 01 oxidation of the caibon 
assimilated in photosynthesis which provides the energy utilised in 
ciliaiy motion and other vital piocesses Othei waste products 
not so easily defined are eliminated by the action of the con- 
tractile vacuoles 

Volvox has both sexual and asexual reproduction. 

In most spheres of Volvox a number of smallei spheres are 
seen enclosed Theie aie usually about eight, and they are dis- 
posed round the posterioi pole within the spheie These en- 
closed bodies vaiy in appearance according to the stage of thou 
development In their earliest stage they are enlarged spherical 
cells which resemble the other cells of the spheie, hut owing to 
their size piotrude from the wall into the internal cavity of the 
sphere The protoplasm of each of these cells contains an 
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megulai chloioplast of Luge dimensions winch confeis a gieen 
colom on the cell The subsequent histoiy of each of these 
cells is as follows the contents of the cell divide within its cell- 
wall into font piotoplasnnc masses which do not entnely fill the 
ongmal wall but aie aggiegated lournl one ol its poles Each of 
these foui masses oi cells now divide and eight cells aie pioduced 
which flatten themselves against the inside of the original cell- 
wali so as to foim a sau cei -shaped mass Giowth accompanied 
by lepeated divisions and ^adjustments among these cells form- 
ing the saucei finally eonveit it into a hollow spheie with a poie 
leading into it This poie occupies the pole opposite the centie 
of the ongmal saucei -shaped gioup Dining these developments 
the spherical gioup, now lecogmsable as an embiyo, projects into 
the cavity of the patent Vol vox, as do those othci metamorphosed 
cells in which the same piocesscs have taken place. The cells m 
the walls of these embiyos multiply and then cell-walls swell and 
become gelatinous 

Finally the development of cilia fiom its outer aspect converts 
the embiyo into a mimatuie spheie of Volvox rotating within the 
cavity ol its patent The embiyo then escapes with its fellows by 
the disruption and death of its paient As it escapes the enlarged 
cells which aie to form the coming generation may be plainly 
distinguished among the vegetative ciliated ceils which form its 
wall. In fact, befoie the embiyos escape, we may often see stages 
in the development of thiee generations thiough the tianspaienl 
walls of the parents In many spheres a cleai cap, devoid oi cells 
and their protoplasmic connections, can be seen occupying the 
posteuoi pole This appears to be the persisting lemnant of the 
opening left by the incurving maigin of the saucei -shaped embiyo 
Dunng subsequent development it has become closed by the 
gelatinous material of the adjacent cell- walls. The cells provided 
with stigmata are the dnect descendants of the central cells of the 
embiyo, while the repioductive cells aie descended from some of 
the periphcial cells When the embiyo assumes the spherical 
foim the antenoi legion maybe desmbed as the light sensitive 
hemispheie and the poslenoi legion lound the poie as the repio- 
ductive region The cells giving use to these embiyos, inasmuch 
as they develop into new individuals without fertilisation, may be 
called spoies 

Sexual lepioduetion is usually found in Volvox in spheres 
distinct from those which cany on the production of spoies The 
sexual individuals produce two kinds of gametes or sexual cells , 
sometimes both aie foimed in the same ancl sometimes m different 
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individuals. The origin of both ova and speims is similai to that 
of the spores Certain cells in the wall of the young individual 



Fig 14 — Volvox aureus A, female sphere, x 8o, showing nine ova , B, two 
adjacent somatic cells with protoplasmic connections, C, anthendium, 
with packet of sperms , D, sperms having broken loose from packet. 


enlaige. In the case of the ova this enlaigement is accompanied 
by a darkening 01 intensification of the gieen coloiu 'Jins 

enlargement ancldaikening me 
the only maikecl visible changes 
undergone by the cells which 
aie to become ova. Jn this 
condition, enclosed m a cavity 
of the cell- wall, they await fei - 
tihsation, The enlarged cells 
which give rise to the sperms 
aie lightei in coloui. While 
still enclosed in a cavity in the* 
wall of the spheie, they sub- 
divide and produce a plate of 
cells The cells ol this plate* 
furthei subdivide, always how- 
eve 1 at light angles to the siu- 
face of the plate, and thus form 
a laige numbei of nairow pi is- 
matic cells (32) lying parallel to each othei like the faggots m a 
bundle These cells gradually become tapered towaids one end 



Fig 15 — Volvox aureus , male 

sphere, x 80, showing packets of 
sperms in the antheridia 
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while the othei icmams blunt Two cilia develop fiom the tapeied 
end l he movements of these cilia at first move the plate as a 
whole , latex on they shake the cells free fiom one another and the 
lattei now swim about m the wall-cavity as elongated separate cells 
—the spexms Finally they emeige fxom then cavity and swim 
away to an ovum-cairying individual and penetrating thiough the 
wait 01 enteung by the poie may each fuse with and fertilise an 
ovum Sometimes the plate of immature cells does not disinte- 
giate^ into sepaiate cells until it has penetrated into the female 
individual eariymg the ova. 

the speims aie veiy small (about io^ x 3/4), peai-shaped 
masses ot protoplasm Each has a nucleus, a yellow-gieen 
chromalophoie with pyienoid, a stigma, and two contractile 
vacuoles I he two cilia aie borne on their tapeimg ends The 
ova aie much latgei, being about 50/* m diametei They have a 
laige nucleus, and then claik gieen chloroplast has many pyie- 
noicls, 

■I he zygote 01 cell formed by the union of ovum and speim 
develops lound itself a hard cell- wall furnished with warty 
pxommences After a period of lest which coincides with the 
dm all on of wintei, the outei coat is dispensed with and the 
contents develop, in the same way as one of the spoies, into a 
new Volvox 

When we xeflect on the structure of Yolvox, how every cell is 
intimately bound togethei, being in fact just a portion of one 
coherent mass ol protoplasm, with a community of nutrition and 
othei physiological piocesses tluoughout, how stimuli and co- 
ol ch nating messages aie sent fiom one part of the oiganism 
to another, and how the oiganism lesponds to these stimuli as a 
whole, the conviction establishes itself that m Yolvox we have to 
do with an individual. This conviction is lendered more certain 
when observation shows that Volvox reproduces itself as a whole 
Tn its life history special reproductive cells are set apart, and fiom 
these, both new leproductive cells and those which are not 
concerned with icpioduction — namely somatic cells — aie formed 
Hence we have good leason to regard Volvox as a multicellulai 
individual 

The salient featuie to which we must now dnect 0111 attention 
is the fact that the oigatnsm is differentiated into lepioductive 
and non-iepioductive cells (geim cells and somatic cells 
1 especli vely) It is only the protoplasm of the lepioductive cells 
winch continues to live from one generation to another They 
form the immortal part of the species Fiom the moment in 

6 
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which the somatic celb aie differentiated they are cut off from tl 
immortality Hence with the differentiation of ail individual m 
germ cells and somatic cells moitality is intioduced into tl 
species , and as this differentiation is only possible in multicellul. 
organisms we find that moitality is introduced with the tiansitic 
fiom the umcellulai to the multicellular state 

From this point of view we may legal d the geim cells of ai 
multicellulai oigamsm as continuous lines of living piotoplasi 
pioducing at tegular intei vals exciescences by cell-division Tl 
individuals aie these excrescences developed periodically o 
the lines which, it may be, extend thiough geological epoch 
In umcellulai organisms these peuodic exciescences aie nc 
developed. 


PRACTICAL WORK 

Examine spheres of Volvox m a drop of water uncovered Obseive th 
direction of the motion of the free-swimming individuals Reverse the slid 
on the stage so that the side which was nearest the window is now furthesi 
Again observe the motion. Cut off the direct light and observe the organisi 
by means of the light transmitted from the mirror through the condense 
alone 

Before applying the high power a cover-glass must be put on. To preven 
the latter crushing the Volvox put a few fibres of cotton- wool in the dro] 
before laying on the cover-glass. With the high power focussed on the side o 
the sphere turned towards the observer, it should be possible to make out th< 
individual cells as seen from m front, also their protoplasmic connections, th< 
chloroplast, pyrenoid and nucleus. If we are observing the anterior pole 
stigmata or eye-spots should be seen in each ol the cells. It often require- 
very careful focussing and adjustment of the light before these structures car 
be made out, sometimes by focussing on the outer surface of the spheie th< 
cilia may be seen. 

The same structures should be looked for m the limb or profile of tht 
sphere. From this aspect we see a side-view ot the cells. The colourles* 
beaks coming to the surface of the sphere should be noted and the cilu 
pi ejecting from them looked for Also this profile-view shows the chloro 
plast, pyrenoid and nucleus more easily than the previous one. The stigma 
may also be found, but the protoplasmic connections are difficult to make 
out. 

A sphere mounted m liquor lodi shows the cilia and protoplasmic connec 
tions plainly 

To observe the pellicle which coats the outer and radial cell- walls spheres 
fixed in 4 per cent formalin and stained with watery gentian violet are 
suitable. 
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Vauciieria is a veiy common plant It may be found on the 
sin face of moist ground, on stones submerged in sti earns, 01 on 
locks splashed by tackling watei Some kinds also aie manne 
It foims a mat-like giowth of fibious gieen filaments which are 
tough, and lough to the touch, and aie tangled togethci owing to 
then blanching The colour 
is dark green The blanch- 
ing fibres may be seveial 
centimetres m length. 

Owing to then matted 
state it is hard to sepaiate a 
portion for micioscopic ex- 
amination without injury to 
it Supposing we aie able 
to obtain a satisfactoiy speci- 
men, it will be easy to see 
that each fibie is tubulai in 
foim, about So /x m diameter 
The fibie s foim many 
blanches, some of which 
aie coloiuloss and of a 
curiously iriegular form 
These latlei aie lhlsoids, 
which fix the plant m posi- 
tion by adhering to sand 
pai tides, etc. The lest of 
the plant has the dark gieen 
colour The whole plant is 
coveied by a continuous 
membrane It is of cellu- 
lose and is spoken of as a 
cell-wall It has the usual characteristics of this substance, 
but is rather thickei than the cell-walls ol the plants which wc 
have hitheito examined. The gieen coloiation is located in a 
layer of material lying against the inside of this branching 

«3 6 * 





Fit* 16 , — Vauchcna sessths , a f, x 40. 
a, antheridia , b, oogonta , c, zoospore t 
d y paitition cutting olf zoosporangium 
from the rest of coenocyte , e , rhizoids , 
f, growing tip of coenocyte, 
above, optical section of coenocyte, 
x 3°o* if. cell-wall; //, vacuole, A, 
layei of cytoplasm, /, chloroplasts , 
in, oil-chops 
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cellulose tube Closei examination shows that the gieen < oloui 
is actually confined to veiy minute ovoid 01 lens-shaped chloio- 
plasts embedded in a compaiatively thick layei oJ piotoplasm, 
which forms a lining to the cell- wall This lining extends through- 
out the whole plant and out into the branches, wheie it tint kens 
and completely fills then extreme ends The ehloioplasts aie 
limited to the outei zone of this layer and aie most t losely 
packed in the ends of the branches Theieaieno ehloioplasts 
m the piotoplasm of the lhizoids The ehloioplasts aie \ei> 
small and appear quite homogeneous, having no pyienoids, In 
the same zone and intei mingled with the ehloioplasts one sees 
considerable numbeis of blight globules vaiymg m si/e fioni \ei) 
minute specks up to ones which have a diametei twice 01 tluee 


times that of the ehloioplasts Chemical tests show that these 
are dioplets of oil Although when they aie aitificially hbeiated 
fiom the plant they seem piactically colouiless, they appeal 
greenish while they aie still among the ehloioplasts and illumin- 
ated with the light transmitted through them The axis ol the 
tube is occupied by a laige watery vacuole which extends out 
into the branches In unstained specimens no stuutuies can he 
made out m the inner zone of piotoplasm but when stained 
suitably many veiy minute nuclei are seen in it 

Is this plant of Vauchena to be regaided as a single cell or as 
multicellular ? Evidently oui answer to this question will depend 
on oui definition of the word cell Robert Hook gave the name 
of cell originally to the minute box-like ehambeis out of whn h 
a piece of coik is built He likened them to the cells ol a honey- 
comb and called them by the same name Evidently Ik* regarded 
each cavity enclosed by the cell- wall as a single cell, and judged 
by this definition Vauchena would be a umcelluku plant. On 
the other hand, it is now well known that Hook only saw the 
dead remnants of cells in the coik, which when alive contained, 
like the vast majority of cell-walls, a mass of protoplasm. This 
mass m its living state is diffeientiated into nucleus and cyto- 
plasm The cell-walls are foimed by the activities of the piolo- 
plasm and many instances aie known in which these masses of 
cytoplasm with a nucleus remain foi the whole, 01 pail, of their 
lives without a cell-wall Hence the wall has come to be icgauled 
as an unessential part of the cell, the essential pails being the 
nucleus and cytoplasm You have aheady seen m the multi- 
cellulai Volvox that although the cells foimmg the spheie are 
each enclosed m then cell-walls, yet the cytoplasm of all the cells 
is continuous, by means of the piotoplasmic connections, through- 
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out the whole organism In Vaucheiia we find numerous nuclei 
indicating the organic centres of as many cells but the continuity 
of the cytoplasm of all the cells being mciged m an unbroken 
him is more complete than in Volvox Such stiuctuies as this, m 
which many cells are fused, the cytoplasm being continuous and 
the whole coveied by a common cell-wall, aie called coenocytes 
.It may be appiopnately iccalled here that investigation has 
shown that the cells of bactena do not possess a characteristic 
nucleus, so that we have again to levise oui conception of a cell 
and we may define it as a more or less isolated and independent 
mass ot piotoplasm usually differentiated into a nucleus and 
cytoplasm and often possessing a cell- wall 

A seal eh by means of suitable leagents will soon convince one 
that Match is absent fiom Vaucheiia This immediately indicates 
that a difference exists between its metabolism and that of the 
othei green plants which we have hitherto examined 

It will be obseived, howevei, that when exposed to light, 
oxygen is evolved fiom the green blanches and this evolution 
does not occur if the suuounding water is deprived of carbon 
dioxide During this piocess the oil dioplets giow in bulk Evi- 
dently photosynthesis is taking place, but instead oi a pioduction 
of starch going on as a lesult of this, oil is being formed Inas- 
much as oils possess a smaller piopoition of oxygen than caibo- 
hydiates, evidently the volume of oxygen evolved will be gieatei 
than that of the carbon dioxide absorbed, m place of being equal 
to it as is the case when a taibohydiate is formed It is only 
piotoplasm furnished with chlorophyll that can cany on photo- 
synthesis and hence this function is not dischaiged by the 
colourless lhi/oids but only by the green blanches Owing to 
the position of the ihuoids, which are coveied over by the gieen 
blanches and embedded between the pai tides of sand and gut, 
they are cut off fiom the light and so, even il they possessed 
chloiophyll, could not cany on photosynthesis. Hence they have 
come to act as organs of attachment foi the plant, while the 
function of photosynthesis is assigned to the lest There is thus 
a division of labour between the paits of this oigamsm The 
absorption of mtiates, so fai as we aie aware, may be earned on 
all over the surface of the coenoeyte. 

No excietoiy organs of any kind aie known As has been 
pointed out, the presence of a continuous cell-wall precludes the 
development of a contractile vacuole Also the working up again 
into new protoplasm of any nitrogenous waste produced seems 
a characteristic of vegetable metabolism. Cat bon dioxide is, 
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howevet, pioduced and may be evolved if the plant is not exposed 
to light This gas escapes m solution from the surface of the 
piotoplasm and diffuses away in the water The production of 
caibon dioxide is the result of lespiration, which in the case 
of Vaucheria requnes dissolved free oxygen In othei woids, 
Vauchena’s lespuation is aeiobic It has been pointed out that 
when caibohydiates are oxidised in respnation the volume of oxygen 
employed is equal to the volume of carbon dioxide pioduced 
This appeals fiom the equation QjH^Oed- 60 2 = 6C0 2 + 6H 2 0 
and is usually expiessed by saying the respiratory ratio is equal 
to one (C0 2 0 2 = i) It is evident, howevei, that when a plant 
lespues oil like Vaucheria, it oxidises a substance poorei in oxygen 
than those which respire carbohydrates, consequently the respn- 
atoiy ratio in the formei is less than unity Therefore oil is a 
moie concentrated form of stoic material as a supply of eneigy 
than starch or sugars 

When conditions continue favourable for photosynthesis and 
assimilation of nitrogen, the synthetic or anabolic processes pre- 
dominate over the wasting 01 catabolic processes, and a suiplus 
of 01 game substance is accumulated This is available foi giowth 
and also foi the repair of injury 

If a filament of Vaucheria is wounded the living piotoplasm 
letracts itself a short distance into the tubulai wall of the coenocyte 
fiom the point of injury At the same time the retreating end 
secretes a covering of cellulose and makes this new poition 
continuous with the old cell-wall, thus isolating itself from the 
injured spot The transverse walls thus formed in response to 
injury are the only transverse septa found in the coenoeytes of 
Vauchena, except those foimed in connection with the reproduc- 
tive organs which will be mentioned later. 

The giowth of Vauchena takes place at the tips of the branches 
As was before noticed the ends of the branches are filled with 
plug-like masses of piotoplasm closely packed with chloroplasts 
Stained specimens show that the minute nuclei here aie subdivid- 
ing rapidly The wall covering the lounded end of the blanch is 
somewhat thinner than elsewhere and being gelatinous is more 
ductile Consequently it slowly yields heie to the osmotic pressuie 
of the dissolved substances m the vacuole pressing the proto- 
plasmic plug against it As it yields, the growth of the cytoplasm, 
the subdivision of the nuclei and chloioplasts and the secretion 
of more cellulose, where the wall pulls out, keep pace with the 
elongation So the length of the branch is increased, while the 
materials assimilated by the coenocyte are being constantly used up 
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The assimilated matenals are also utilised for the pioduction of 
new individuals 

The lepioduction of Vauchena is charactenstically effected by 
an asexual and a sexual method 

In the asexual method the teimmal mass of piotoplasm of one 
of the ends ol the blanches becomes cut off from the lest of the 
coenocyte by a paitition of cellulose The chamber thus cut off 
is distended into an ovoid foim, possibly owing to an increase m 
the osmotic piessuie of the vacuole enclosed in the isolated mass 
of piotoplasm Withm the inner zone of the cytoplasm of this 
portion the nuclei marshal themselves with great regularity so 
that they are equally spaced from one another and are only one 
deep Outside them the chloioplasts lie in the peripheral cyto- 
plasm With this anangement of its parts the protoplasm con- 
tracts a little and draws away from the wall, and forms a rounded 
mass lying free within the ovoid chamber. Cilia now appear on 
the surface of this mass, a pan radially opposite each nucleus, and 
by their lashing motions cause the mass to rotate in the chamber 
The wall forming the distal end of the latter partially dissolves 
and a hole is foimcd, which the motile mass within is not long in 
finding out Usually the hole is too small to allow this mass, 
which is called a zoospoie, to pass thiough with ease, and the 
zoospore has to undeigo considerable distortion before it escapes 
Sometimes in its struggles to be fiee, when part of it has already 
emerged the lemainder is detained by the constriction formed by 
the opening, the zoospoie paits m twain and the anterior swims 
away leaving its less fortunate half to emerge later 

The zoospoie swims about for perhaps 15 minutes During 
tins time it is positively phototropic, 1 e it acts just like Volvox 
and swims towards the light, but it is also apparently sensitive to 
other stimuli, for its course is seldom exactly defined by the 
direction of the light At the end of this time its motions become 
sluggish and ultimately it comes to lest It casts off its cilia and 
secretes a cell-wall The cell-wall is at first ovoid, enclosing an 
egg-shaped mass of protoplasm The latter is deep green m 
colour owing to the presence of large numbers of chloroplasts. 
If conditions aie favouiable the piotoplasm withm soon begins 
to glow and pushes out into a tubular plant coveied with the 
cel] -wall which keeps pace in its growth Rhizoids and 
blanches appear in due course and thus a new individual is 
established. 

Sexual rcpioduction is also found in Vauchena Special 
branches are formed on the coenocyte to carry out this process 



Practical riant hwlogy 


The blanches are of two kinds and aie usually foimed i lose (o~ 
gethei The oogonia are short rounded blanches the <avily oi 
which is sepaiated from that of the coeno<ytc by a tians\eist 
wall The bianch 01 oogonium is egg-shaped with an oblnjueh 
placed apical piommence The cell-wall covenng this pionnneiu <* 
becomes gelatinous and soft during the latei stages oi the de- 
velopment of the oogonium The oogonium is filled with a mass 
of protoplasm — the ovum In the centre oi the o\um a mu lens 

may be seen Round the lattei, m the peiiphera! layers, ate 
ciowded great numbers of chloioplasts which make the whole 
oogonium dark m colour In the immediate neighbor! i hood ol 
its apical prominence or beak the chloioplasis and othei granules 
are absent, and the protoplasm at this spot is tianspuient and 
colourless This colourless legion of the ovum is called the 
leceptive spot The oogonium anses us a small swelling on the 
side of a branch of the coenocyte Cytoplasm eanying mu lei 
and chloroplasts moves into this swelling oi bulge Subsequent 
growth conveits this exciescencc into a very shoit, thick cylindiirul 
branch and a cross paitition cuts it off fiom the test ol the 
coenocyte In some species of Vauchena, just bcfoie this jut til ion 
is completed, all the nuclei save one letue into the uenoeytc. 
In the species of Vauchena wheie they remain in the oogonium, 
aftei it has been isolated by the pailition, all the nuclei except 
one undergo a process of disintegration In eithei case only one 
nucleus suivives in the oogonium. The lattei now begins to 
swell and takes on its mature egg-shaped form 

Simultaneously with the oogonium, the antheiidium is ionned 
and usually in close proximity. The antheudium is a slender, 
cuned, cylindrical bianch Protoplasm fiom the suppcntmg 
coenocyte moves out into this branch as it glows. When its 
length is about 4-8 times its diametei and the antheiidium has 
become much more curved, a tiansverse septum of cellulose is 
formed m xt dividing off a terminal portion. This portion con- 
tains a- large number of nuclei and chloroplasts. The foimei 
collect m the central region while the chloioplasts mass at the 
periphery The cential mass of piotoplasm now bleaks up into 
a large number of tiny masses each containing a nucleus and 
eanying two cilia The cilia are placed fai apait and diverge 
troni one another These very small motile cells are the spetms. 

As they develop they take on a dancing motion. The tip of the 
anthendium soon opens and the speims aie ejected into the stir- 

rounding water Some of the cr - is thrown out with 

tnem and some remains m the 
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At the same time as the ejection of the speims the solution of 
the wall tovenng the beak of the oogonium is completed and the 
speims seem detained at the opening in the wall of the oogonium 
so foimed Often several of them entei One only, howevei, 
fuses with the ovum, penetrating at the receptive spot Its 
cytoplasm meiges with the cytoplasm of the ovum Tn stained 
specimens the passage of the nucleus of the speim acioss the 
< ytoplasm ot the ovum and its ultimate fusion with the nucleus of 
the lattei have been observed Thus fertilisation is effected and 
the oospenn, 01 cell foimed by this union of the ovum and speim, 
contracts m the oogonium and seeietes imind itself a comparatively 
thick cell -wall In this condition it undergoes a penod of rest 

When germination occurs the oospenn grows dnectly into a new 
plant 

These two methods of lepiocluction in Vaucheiia aie evidently 
suited foi diffeient conditions Thus the zoospore gei minutes 
immediately after its cilia are east off and its cell-wall is foimed, 
while the oosperm remains doimant foi a period The latter is 
able to lesist considerable desiccation, and consequently can srn- 
vive unfavourable conditions Fui the 1, it has been found that the 
two processes die evoked by diffeient stimuli zoospoies aie 
foimed m response to mn ease of light 01 a scamty of food, 
sexual lepiocluction is initiated m response to a supply of sugai, 
a high tempeiatuie and a blight light 

in Volvox we observed a diffeientiation into icpioduclive and 
somatic cells, also among the lattei category, specialisation was 
noticeable The somatic cells round the antenor pole aie 
furnished with stigmata and aie apparently capable of perceiving 
light, those lound the postenoi pole aie not furnish ed with these 
oigans The differentiation of Vaucheiia is quite as marked, 
but of another kind Ceitam blanches of the ceenocyte aie 
furnished with ehloroplasls and these function as oigans of photo- 
synthesis; others, the ihi/ouls, aie colourless and to them the 
function ot anchoiing the ceenocyte is assigned. Thus An both 
cases structural diffeientiation and division of laboin aie associated. 

PRACTICAL WORK. 

Detach a portion of Vuucheria fiom the felt or mat ot fibres covenng 
moist soil, causing as little injury as possible to the filaments Mount it in 
water and cover. 

Alter examination of the plant, make drawings of three optical sections, 
one in a plane immediately within the cell-wall, where it is nearest the 
observer, one m a median plane and another m a plane m the protoplasm at 
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the far side of the coenocyte Fiom compauson of these three drawings 10 
construct a transveise section 

Examination of material which has been submerged in shallow water for 
variable periods and exposed to dull or bright light will afford instances ot 
the production of zoospores and of the sexual cells Mount some pieces oi 
the ccenocyte in liquor lodi Note the absence of the starch reaction 

Make drawings of an oogonium, an antheridmm and a zoospore if you can 
find specimens. 
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Mucor nricXy be found growing on various moist organic sub- 
stances A piece of bread kept moist under a bell-glass usually 
shows specimens of this plant in one or two days if kept at an 
01 dmary room temperatuie 

The growth which is fiist noticed resembles very fine threads 01 
filaments of cotton-wool tying along the surface of the moist bread 
and often spanning the little depressions and n regularities of its 
surface. If these axe examined carefully by piobmg with a pin or 
a needle they will be found to branch, and it will be discovered 
that they are held down by some of the branches which penetrate 
into the biead By continued development and branching of the 
filaments the growth assumes the appeaiance of a felt covering 
the bread moie 01 less closely The filaments forming this felt 
and the branches which penetiate into the bread are called the 
mycelium After a day or so the mycelium sends up veitxcal 
blanches vaiying from 2 mm to 2 cm in length At first these 
branches which are quite straight and cylindrical have a rounded 
end and like the horizontal blanches of the mycelium are pure 
white Shortly, however, small globules begin to develop at their 
tips and these claiken m coloui until they are quite black When 
they have developed this black colour the slightest touch suffices 
to make them buist and to discharge a whitish mass of mucilage 
In addition to these globules which range from translucent white 
to black, very often limpid drops of fluid may be seen adhering to 
the veitical branches 

Micioscopic examination of the mycelium and of its vertical 
blanches shows the following the mycelium consists of a single 
eoenocyte, on rare occasions showing transverse septa Xhe 
appearance of the cieeping branches and those which penetrate 
the biead aie quite similai, both being covered by a delicate cell- 
wall within which is a film of protoplasm They are called 
hyphne. A cleai colouiless vacuole occupies the axis of the 
bianch There is no appearance of chloioplasts or of any other 
coloured bodies in the protoplasm 01 elsewhere If one of these 
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hyphse is killed and stained, the cytoplasm may be veiy plainly 
observed lying in contact with the inside of the cell- wall and 
forming a film of megulai thickness coating its mnei side. Some- 
times one sees filaments and bridges of cytoplasm tiaveismg the 
axial vacuole In the cytoplasm scatteied nuclei may be seen 
Tieatment with iodine brings no starch -guuns to light but m then 
place scattered oibdiops or fat -globules ate found m the cyto- 
plasm The hyphas of the mycelium tapei giadually towauls 
their tips The latter appeal filled with pi otoplasm Obseivation 
shows that the growth of the mycelium is localised at these tips. 
The veitical branches have the same stiucture as the olhei hyphie 



Fig 17 — Mucor a , mycelium with sporangia in different stages of de- 
velopment, x 70 , b, conjugation-branches m contact with one another 
c, zygospore supporting a sporangium, x 150. ? 

and aie covered with the same continuous cell- wall The pi oto- 
plasm and vacuole are usually continuous thioughout the whole 
plant 

Although Mucor is not motile like Volvox, the direction of Us 
growth has been shown, like the motion of Volvox, to be de- 
termined by external stimuli. Thus it has been found that the 
growing tips of its hyphie are onenled in such a niannei that they 
grow towards the point ofgieatest concentration of substances use- 
ful m their nutrition It may also be infen ed from analogy with 
other plants, that harmful substances or harmful concentrations 
exercise a repellent action on these hyphse 
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This dueetive action of chemical stimuli is teuned chemotropism 
01 chemotaxis The cliffeient behaviotu ol the veitical, deeping 
and peneLiattng blanches must, in the fust instance, be due to 
their difference m i espouse to similai stimuli Consequently, 
although we can discovei no microscopic diffeicnce in the pioto- 
plasm of these oigans, theie must be some physiological difference 
which is xesponsible for their diffeient behaviour The emergence 
of the veitical blanches appeals to be due to negative hycliotiopism, 
i.e a response which causes them to grow fiom a legion wheie 
the concentiation of watei vapoui is gi eat towards one in which 
the concentiation is less Once the veitical branch has emeiged 
the most important directing stimuli appeal to be giavity and light 
Undei usual conditions both stimuli act, and consequently the 
bianch takes up an intei mediate position due to two 1 espouses 
II the bianch is removed from the action of one, say of light, and 
is giown m the daik, its response to giavity may be studied alone 
It will then be found that the veitical blanches aie negatively 
geotiopic, i e tend to cuive until their glowing Up is duected 
away fiom the centie ol giavity of the eailh This causes these 
blanches undei noimal conditions to assume and maintain a veitical 
position The bianch will cuive in this way as olten as it is dis- 
turbed fiom the vertical position If the piece of biead fiom 
which seveial veitical blanches ate emeigmg be set on its side, so 
that the sm face which was beloro horizontal becomes vertical, under 
the new conditions the emeigmg blanches will slowly bend thiough 
yo° and bung then tips once moie into a veitical position 

The mechanism ol this movement is quite obscuie The 
ngidity ol the bianch in the veitical position is due to the osmotic 
piessuio of the solutes in the vacuole piessmg out the lining of 
cytoplasm and putting the cell- wall in tension 'The solutes ie~ 
piesent the eompiession membei and the cell-wall the tension 
membei in this rigid structure If the membei in eompiession be 
lemoved — as we may remove it by rendeiing the cytoplasm pei- 
meafale by heal— the bianch will collapse. This internal pressure 
is appaiently also an important lactoi m the giowth of the bianch , 
it pushes the leiminai patt foiward wheie the cell-wall is most 
ductile lienee we may assume that the unequal giowth ol 
curvature is ptoduoed by one side of the wall of the growing legion 
being more ductile than the other and yielding moie i caddy to the 
internal piessuie. This softening ol the cell-wall may very piob- 
ably be caused by the action ol an enzyme made moie effective on 
one side by the accumulation of some substance acting as a co- 
enzyme. The accumulation of hydrogen ions has been suggested 
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Just as the stimulus ofgiavity tends to keep the bianch growing 
m a veitical line, so the stimulus of light tends to onent it in the 
dnection of the incoming light But these blanches aie positively 
phototiopic, that is they tend to dnect themselves towards the 
souice of light No moie is known legaiding the mechanism of 
the leaclion to the phototiopic stimulus than is known legal ding 
that of geotropism 

The top of the veitical branches is at hist lounded off As the 
bianch increases in length its end swells into a tiny knob This 
is at hist white but as it glows, it becomes gieyish and darkens till 
it finally appears as a black speck 01 globule on the top of the 
branch Microscopic observations on the development of this 
globule show that in the eaily stages, when it begins to swell, a 
transveise septum is foimed at the end of the veitical bianch 
cutting off the enlarging tip fiom the lest of the coenocyte. The 
protoplasm within the Up has many nuclei and they fuithci in- 
crease in numbei by subdivision At the same time the wall 
covering the globule grows thick, it becomes pigmented and a fine 
deposit of ciystals of calcium oxalate is formed on its outei suiface 
The piotoplasm within this capsule begins now to cleave into 
fiagments At hist each of these contains seveial nuclei but 
cleavage continues until the number of fragments is equal to that 
of the nuclei, and each thus becomes uni nucleated The fiag- 
ments contract and become ovoid, each seeietmg a cell-wall 
lound itself They aie immeised m a watery mucilage which fills 
the capsule Just when the fiagments 01 spores, as we may now 
call them, have assumed a cell-wall, the transveise septum, 
separating the capsule or sporangium from the vertical bianch, 
bulges fiom below upwaids into the spoiangmm thus allowing the 
upper part of the supporting bianch to invade the spoiangmm. 
The supporting branch is called the spoiangiophoie, the mtiudmg 
pait is called the columella. The mU usion of the columella 
naturally distends the sporangium and often bui sis it, 01 xendeis it 
so tense that it explodes at the slightest disturbance, setting free its 
spoies m the diop of contained mucilage. If these spoies find 
their way to a suitable organic medium they will soon gemmate 
by pushing out hyphee which bianch and quickly form a mycelium. 
Later the veitical blanches 01 spoiangiophores appeal andpioduce 
spoiangia which liberate spoies once moie. So the cycle repeats 
itself 

Sexual repioduction also occuis m Mucor, but much less often 
than the asexual pioduction of spores just described When the 
hyphee of two mycelia growing in the same medium come into 
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close pioximity to each other, shoit^ club-shaped blanches arise 
sometimes on the adjacent hyphse and grow towards each otlier 
When then ends come into contact a tiansveise septum develops 
m each, cutting off the piotoplasm of the slightly dilated end iiom 
the lest of the blanch The walls at the point of contact become 
dissolved and the piotoplasm of the two ends mingles By suit- 
able stains it has been shown that theie aie many nuclei in the 
ends of the two blanches befoie they unite, these nuclei fuse in 
pans hom the opposite branches. The composite mass of pioto- 
plasm thus pioduced becomes coated over with a thick cell-wall, 
the outei layers of which become daik and watly The whole 
stiuctuie is called a zygospoie 01 zygote Its thick wall enables it 
to lesist desiccation Aftei some time of doimancy its coat bleaks 
and a veitical branch emeiges fiom it. On the apex of this a 
spoiangmm is pioduced just like that formed on the spoiangio- 
phoies of the mycelium The spoies liberated fiom the spoiangium 
give rise to new mycelia. 

In this sexual lepioduction the two blanches lesemble each 
other completely and the sexual oigans aie ccienocytic, and just 
as the coenocytic zoospores of Vaucheiia appeal to repiesent a 
mass of undiffeienliated, umcellulai zoospores, so the contents of 
these blanches should be legaidedas a number of undiffei entiated, 
umcellulai gametes. 

While it is impossible to detect any difference between the two 
fusing bianchcs 01 the mycelia fiom which they come, it has been 
found that fusion or sexual union will only take place when the 
mycelia gi owing togethei have distinct oiigms Thus the mycelia 
developed irom spores originating fiom the same spoiangium will 
not unite, but fusion may occui between two distinct strains culti- 
vated together. Evidently some invisible sexual differentiation is 
concerned We must imagine some substance, or foim of energy, 
emitted by the hyphse which acting diffei ontially on the two kinds 
ol mycelia, evokes the production of gametes from one , while the 
othei undci tire same stimulus continues to pioduce vegetative 
blanches 

Mucoi glows well when supplied with pioleids and carbohy- 
drates It is also able to nounsh itself as a paiastle As a 
geneial rule, howevei, it diaws its nutation hom dead oiganic 
mattei and is to be classed among the saprophytes Not having 
any chlorophyll 01 other photosynthesis! ng pigment, it is absolutely 
necessary for it to find organic substances containing carbon It 
is also unable, like othei plants not possessing chloiophyll, to 
build up proteins fiom inorganic substances and it loqmios 
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supplies of organic nitiogcnous substances Jt cannot nukt 1 use 
of nitrates for this pin pose 

Unlike yeast it normally icqunes fiee oxygen lot Us lespnation, 
It is, however, capable of life in a submeiged condition Tin 
supply of free oxygen is then limited and in i espouse to this 
changed condition the hyphae undeigo tiansveise division The 
portions of the hyphae so foimed each gives use to a lounded cell 
not unlike that of yeast These cells when mtioduced into a 
sugar solution bud and behave veiy like yeast-cells They change 
the sugar of the solution into alcohol and carbon dioxide and 
thus show that, in this form at least, Mucor is able to subsist by 
means of anaerobic respiration 


PRACTICAL WORK 

Examine a growth of Mucor on moist bread with a lens Make out the 
creeping hyphae and the vertical branches with matuie and immutuie 
sporangia Cultures for microscopic examination may be made ot the 
“ spontaneous growth” on bread as follows Draw a sterilised needle 
through the vertical branches, not letting it touch the surface ol the bread, 
and with it mnoculate a test-tube containing bouillon gelatine. Stir the 
liquid gelatine well with the needle to distribute the spores With a sleule 
glass-rod put drops of the gelatine while still liquid on to sterile micro-slides 
which should be set aside and kept moist under a bell-glass. The slides may 
be taken out at intervals and examined microscopically. If it is intended to 
use a high objective in the examination the preparation should be eovued, 
Before covering a drop of alcohol is added to prevent the inclusion of air 
bubbles The cover-glass is then laid or anc | t ] le s p c j e lh 

gently warmed over a flame so that the c ■ . m to position by 

the melting of the gelatine J 

In these preparations the early stages of germination should be studied 
and the growth and structure of the mycelium Beautiful pieparations may 
be made by first fixing the growing mycelium with iodine vapour and then 
staining with Delafield’s hematoxylin This may be done by inverting the 
slide and laying it across the neck of a bottle containing iodine ciyslals so 
that the preparation hangs mto tne neck of the bottle. Fixing is accom- 
plished m a few minutes and then a drop of Delafield’s hsematoxyhn is added 
to the gelatine and the slide returned to the moist chamber foi 30 minutes 
or an hour At the end of this time the stain should be washed away the 

preparation covered and warmed gently T 1 ^ — * - m \\ j vC en lor 

several days and shows the cytoplasm a pale < nude, a. pea. 

as dark purple globules 1 * 

The vertical branches should be examined In covered prepatations they 
w!H of course be pressed down on the gelatine The sporangia will be seen 
in different stages of development with the transverse septum at first flat 
and later bulged into the sporangium and forming the columella. The 
differentiation of the spores may be traced and the changes which convert 
the wall of the sporangium from a smooth, colourless membrane to a thick 
greyish wall studded closely with tmy crystals 

The diameter of the thickest hyphte and the size of the spores and spor- 
angia should be estimated by means of the Ghost-micrometer P 

Spores sown m gelatine bouillon produce plants which bear ripe spo.anria 
in two days if the cultures are kept at ordinary 100m temperature 1 ° S 
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Plants which, like Mucoi, do not possess chlorophyll and aie not 
diffoientiated into leaves, stems and roots like the" higher plants, 
aie called Lungi Then want of chlorophyll renders it impossible 
foi them to loim oigamc substances fiom inorganic, and hence 
they aie compelled to denve their food from pre-existing organic 
substances The fungi aie therefore parasites or saprophytes 
Of the plants which we have aheady studied Yeast and Mucor are 
fungi Anothei \eiy common fungus is Pemallnmi glaucum - — 
commonly called blue mould Like Mucor it is found growing 
on vanous moist oigamc substances, but it is even moie common 
than Mucoi 

The mycelium of Pemcillium resembles that of Mucoi in general 
appeaiance It loims a white felt of delicate filaments or hyphas 
spieading ovci the suiface of the substance on which it is growing* 
Micioscopic examination shows, howevei, that its hyphas are sub- 
divided into a number of segments by transverse walls These 
segments aie cylindrical, and a fairly thick layer of highly re- 
frmgent protoplasm may be seen lying against the inner surface of 
then cell- walls The axial vacuole is bioken up into a number of 
spherical choplets by thick diaphiagms of protoplasm extending 
across the cavity of the cylindei The protoplasm appears homo- 
geneous and is compaiatively fiee from granules Some of the 
few gianules which do appeal may be shown by staining to be 
nuclei, others are minute oil diops The number of nuclei m 
each segment is small, perhaps 4-8 Hence the segments are 
small cnenocytes Another point of difference wherein the hyphse 
of Pemcillium are unlike those of Mucoi is the fact that the hyphae 
of the former do not taper, but are uniform m thickness right up 
to the growing tip The terminal coenocyte of a hypha has a 
lounded end and this is filled with protoplasm so that there is no 
room for a vacuole Elongation of this coenocyte takes place just 
like the elongation of the whole coenocyte of Mucor, but as soon 
as it has grown m length so as to equal once and a half or twice 
the length of the raatme coenocytes of the hyphse a tiansverse 
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wall is foimcd cutting off the pos more vacuolate portion asvv^l 
a sepaiate segment from the gi o\\|i[im (tip, \Ihi$h|? pf i *■ i t v r oi - 'S ' 
waid giowth Once the segments WpWis cut off u i . , \ » 

apex they cease to elongate nuukefe ^f^iteial blanches devel ojp^S^ / 
as outgrowths from the segments usWjy ^femcd lately behnadThe jf 
transverse wall nearest the apex ThesKQm^i>6@th^ Suit tp^ 
foim new cylmducal growing segments ancf by elongation and 
subdivision develop into new lateral hyphaj By a continuance 
of this piocess fiom many segments of the fust hypha complicated 
branching systems aie developed As the gi owing tips of all the 
hypha) lespond ehemotropically in a positive sense to the concen- 
tration of food substances in the medium, the whole mycelium 
spieads in a laclral manner, and extends from the legion where 
the food -substances are exhausted by its own absorption to the 
simoundmg regions as yet untapped by its imoads 

When growth oi the mycelium has pioceedcd foi foui 01 
five days upnght blanches are foimcd, the hist appealing in 
the oldest and consequently the cential parts of the mycelium 
They lesemble the hyplue of the mycelium, so fai as can be 
seen, except in then response to external stimuli, which causes 
them to assume a vertical instead of a horizontal position 
Each vertical bianch consists of an unbianched shall foimcd 


of four oi five cyhndncal segments The ngidity necessaiy to 
retain them m the veitical position is conferred on these branches 
by the osmotic piessuie within the vacuoles of the coenocytes, 
as may be seen when the cytoplasm is rendered peimeable by 
iodine vapour or bisulphide of caibon On the top of these 
are supported segments which give use to lateral branches, and 
the segments of these lattei may give rise to moie blanches. 
As all the branches formed respond in the same mannei towaids 
gravitational foice they ai range themselves parallel to one anothei 
and vertical to the mycelium The veitical blanching system 
leminds one of a complicated candclabium On the terminal 
cumoeytes oi segments of this bianch-, system, which is called 
a comdiophore, a small group of peculiar shaped cxmocytes 
is foimcd Each of these is bottle -shaped, having a cylindrical 
basal portion continued into a narrow neck-like pait The 
latter is called the stengma The bottle-shaped cocnoeytes 
occupy the position of the candles m the candclabium The 
tip of each sterigma is covered with a plastic wall and the 
internal piessuie m the cuenocyte bulges it out to form a minute 
globule— a eomdium This is a tmy mass of piotoplasm con- 
taining a nucleus, and soon its covering membrane becomes 


7 * 



TOO 


Practical Plant Biology 


thickened and loses its extensibility While it is thus being 
matuied a second conidium is produced fiom the stengma below 
and pushes up the first Repetition of this pun ess piothues 
a chain of conidia from the tip of each steugma Thu oltlei 
conidia foimmg the outei end of the chain have a blue adoration 
in their walls which confeis the charactenstic blue eoloui on 
the tips of the matuie comdiophores and lias caused tins plant 
to be called blue mould in contiadistinction to Muroi, whu h 
not having this colour, is called white mould These old* \ 
conidia aie very easily detached from the steiigmata and In mg 
\ery minute (2 /a in diametei) aie leadily botnc on the feeblest 
draughts of air and scattered far and wide When they tail on 
suitable substances they absoib watei and then pioloplasm, whu h 
at first filled the cell-wall entnely, now becomes vacuolated 'Flu* 
wall is thus distended and the conidium increases in si /o Then 

it foims a bulge and this grows out into a cylmdncal < ell. 'Flu* 
nucleus subdivides and so the cell becomes a coenocyte, which 
elongates, divides and so gives rise to a hypha by hi, me lung 
in the manner described above, the hyphae develop into a 
mycelium and the latter ultimately pioduces conidiophores and 
conidia, thus completing the life-histoiy Thu conidia uu 
single asexual cells and may be classed as spoies accmding to 
our definition 


Reproduction by means of conidia occurs in the nmma! giowth 
of this fungus and is very prolific, but when it develops nuclei 
conditions in which the supply of oxygen is limited, Pcmnllium 
lesorts to another method— the sexual one 


Ihis process is begun by the development on the mycelium 
at numerous places of pans of short blanches, which wo limy 
provisionally call gametangia. These gametangia are eylindiioal, 
their bases are close together and they coil round one another 
spirally Actual fusion of the piotoplasm of the o ~ * 

is believed to take place, but has not been r 
coiled gametangia now give use to short branches oallod as- 
oogenous hypha which grow out in eveiy dilection. Meanwhile 

hrnnif£ hs i supp01t the gametangia also form numerous 
branches which giow up over the ascogenous hypha: into Wing 
confused tangle with one another and forming a eomp.u-t 
covering over them of several layers in thickness The walls 
of the outer layers become thickened and dark-yellow in colour 
and form a hard, resistant nnd to the mass which is now spherical 
in form After a pause in growth of sevcial weeks the ascogenous 
ypiae form a series of peculiar thick blanches with hook -like 
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bends, winch give use to chains of ovoid cells — the asci In 
each dscus eight ovoid cells, ascospoies, are found In addition 
to the hooked blanches the ascogenous hyphjje pioduce nariow 
tubular blanches which penetrate into the iifnei layeis of the 
envelope These tubuiai blanches seem to have the function of 
absorbing the mateiials — piotems and cellulose — stoied in the 
innei iayeisand of transfeuing them to the developing ascospoies 
Not only are these cells absorbed, but even the ascogenous hyphm 
and the walls of the asci aie dissolved, so that finally only the outei 
biowmsh -yellow wall of the envelope containing the ascospoies 
is left The envelope of this fiuctification 01 aseocaip ciacks 
open when it dues and the npe ascospoies aie set lice 'The 
foimation of the aseocaip from the pioduction ol the ganielangia 
to the hbeiation of the ascospoies takes fiom six to eight months 

The ascospoies have a diamelei about twice that of the eonidia 
They gemnnate on moist organic surfaces by ciaclang open the 
outer yellow layer of their cell-wall and pushing forth an outgiowth 
which develops into a mycelium 

Pemcilhum may be found giowmg on a gieat vanety of oigamc 
substances and hence is a veiy common plant This shows that 
it can supply its needs fiom a laige number of diffeient materials 
It is in fact omnivorous Appaiently this adaptability is closely 
connected with its gieat wealth in enzymes Piobably fiom no 
othei plant have so many enzymes been isolated as fiom the 
subject of oui study Pemcilhum has been shown to use diastase 
foi liquefying staich and conveitmg it into maltose, cytase foi 
rendeung cellulose soluble, mveitase, inuhnase and zymase ioi 
breaking down other carbohydiates , it has emulsin ioi glucosides, 
piotease and casease for attack on piotems, lipase foi fats and 
catalase which sets oxygen free from pei oxides It is ptobable 
that a fuither seaich would bring to light a still laiger vanety ol 
enzymes in the repertoire of this cxtiaoidmaiy plant 

By these enzymes it is enabled to diaw the caibon it lequires 
foi its growth and icspiiation fiom proteins, carbohydrates, fats, 
organic acids and alcohols 

Notwithstanding its omnivoious charactei Pemcilhum pieserves 
n xefinement of discnmmation which would do ciedit to the most 
experienced epicuie. This discnmmation is strikingly shown m 
its attitude towards tartaric acid. 

Paste ui found that when Penicillium grew in a nutntive solution 
containing taitanc acid, the acid which befoie was optically in- 
active be, ^‘ t1 - r ~tive That is to say, it acquiied the 

power of 'o ', 1 °f polaubation of a beam of polarised 
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light passing thiough it This suipnsing obseivation lecl Pastern 
to the discoveiy that the tartanc acid which he supplied to the 
plant was a mixtuie of two substances resembling each othei 
chemically, both having the empirical formula (HC0H)2(C00H) y , 
but diffenng from each other in the physical chaiacteristic that 
one rotates the plane of polarisation clockwise and the othei 
counter-clockwise Jn the mixture these two effects counter- 
balance each othei and the polansed beam is not lotated But 
when Pemcillium is in contact with the mixtuie it assimilates the 
taitanc acid which lotates the plane to the light (//-taitanc acid) 
while it piactically leaves untouched that which lotates the plane 
of polaiisation m the opposite direction (/-taitanc acid) Hence, 
it may be assumed that Pemcillium possesses an cn/yme which 
can lendei ^-taitanc acid suitable for its metabolism while this 
enzyme is ineffective with /-taitanc acid The discoveiy ol the 
two foims of taitanc acid levealed by the selective action of 
Pemcillium led to the further discoveiy of a large numbei of 
othei caibon compounds in the molecules of which the atoms and 
atomic gioups aie capable of being airanged in seveial di fife lent 
ways round ceitam of the carbon atoms Distinctive physical 
piopeities depend on these airangements while the individual 
atoms and atomic groups of these substances, which aie ('ailed 
stereo-isomeis, remain the same Thus it becomes veiy piobablt 
that the means by which Pemcillium can deal with dextio-taitanc 
acid is ineffective with ltevo -tartaric acid because it fits the atomic 
anangement of the one and does not fit that of the othei This 
case and othei s of a similai natuie have led to the <c Lock and 
Key” theoiy of enzyme action According to it the specific 
action of an enzyme on a ceitam substance depends on the fact 
that the spatial airangement of the atoms and atomic groups m the 
enzyme-molecule fit m some way the airangements of the atoms 
in the substance acted upon 

Comparatively simple mtiogen compounds foim a suitable 
supply of nitiogen for Pemcillium. Thus it can utilise amulo- 
compounds and peptones 

We have seen that fungi resemble animals in then nutntion 
They aie both dependent on organic carbon compounds to supply 
them with the caibon they requue, and they aie as a rule unable 
to utilise inorganic nitrogen as a supply of that element. Hence, 
they aie classed togethei as holozoic organisms Many fungi, 
howevei, can utilise much simpler mtiogenous compounds than 
animals Thus yeast can utilise ammonium taitiate as a source 
of nitiogen, while it is found that Pemcillium thnves on ammonium 
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nitute On the othet hand, the highei animals at least leqtme fi 
supply of the moxc complicated nitiogenous compounds such an 
some of the highei pioteins This would indicate that plants 
alone can build up the nuclei of these substances and that the 
rest oi living natuie is in this mattei, as well as in eaibohydrate 
loimation, dependent on them. 

Undei normal conditions Pemcillium lespnes itee oxygen and 
ol couise gives off eaibon dioxide and water Us lespnation is 
aeiobie It is lound that the latio ot the volume of eaibon 
dioxide given off to the volume oi oxygen absorbed (lespnatoiy 
latio, CCX> O) is dependent on the souice of eaibon supplied to 
the mould , thus with sugar the latio is i, with taitane acid it is 2 y 
When Pemcillium is cut off fiom a supply oi lice o\) gen it is 
found to be able to subsist by anaerobic lespnation As with 
yeast, duiing this process eaibon dioxide is evolved and alcohol 
is pioduccd It has aheady been pointed out that anaeiobic 
lespnation is incomplete combustion Consequently it does not 
icndei available to the plant the maximum amount of eneigy ( on- 
tamed m the carbohydrates at its disposal When the conidia 
germinate undei conditions where anaeiobic lespiration only is 
possible they bud in a mannei closely resembling yeast cells 

PRACTICAL WORK 

From a growth of Pemcillium on moist biead isolate a poition with a 
needle, mount it in a drop of spmt, add a diop of water and cover It is 
necessary first to moisten with spirit because watei alone will not wet the 
conidia, which behave as if they weie gieasy 

Put drops of peptone-broth- gelatine on three or four sterilised microscopic 
slides When it is set stab each with a sterilised needle which has touched 
the conidia of a pure culture derived from the growth on the biead Put the 
blides aside in petri dishes moistened on the inside and examine on successive 
days For examination it is well first to moisten with a drop of spirit, then 
with water and cover. The preparation should then be gently wanned to 
allow the covei-glass to settle into position 

Careful drawings should be made of the geinnnating conidia and of the 
hyphre to which they give rise, showing the ccenocytic segments and the mode 
of branching 

When the comdiophores are mature a preparation should be exposed to 
iodine vapour. Note the collapse of the stalk when the protoplasm of the 
coenocytes has thus been made permeable, blain the specimen in dilute 
Delafield’s hsematoxylin for 24 hours and mount and examine. Careful 
draw ngs should be made and estimates of sue recorded on the drawings by 
means of the Ghost-miciometer. 
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Fucus or sea-wrack is one of the best-known sea-weeds It eoi 
tributes more than peihaps any othei sea-weed to rovei the lul 
tide locks of our coasts It has an olivobiown colour ^\ ht 
examined it is seen to be composed ot a small disc-shaped sucke 
by means of which it is attached to the lock, and a eoid-hke stei 
which supports a flat branching poition, The bifurcations ol th 
portion aie in one plane and the branches aie flattened m th 
same plane The stem appears to be continued up mlo th 
flattened portion 01 fiond as a cord-like mid-nb which may b 
traced upwards almost to the extreme tips The mid-lib biftueuU. 
with the blanching of the fronds The suilace of the plant i 
slippeiy and mucilaginous to the touch and the edge of the from 
is more 01 less notched Some kinds aie possesse<i of bladdei 
filled with gas formed m the tissue of the bonds at meguhu inlci 
vals along the mid-rib, and often the ends of the bonds an 
swollen into cushion-like enlargements The geneial suifaee o 
the plant is smooth but it is studded ovei with what appeal to lx 
small warts when the plant is out of watei These sUuetmes an 
most noticeable and most numerous on the swollen ends of the 
branches When the plant is submeiged it is easily seen that tin 
w'art-like bodies are tufts of fine hails which issue fiom the toj 
of a slight prominence 

If the fiond of Fucus is cut acioss it will be seen that it n 
composed of two distinct layers. The oulct 01 cortical layer, 
which is comparatively tough and is coloured biown, and an 
inner medullary substance which is transparent and almost colour- 
less and has a mucilaginous consistency 

If a thin transverse section of the fiond be prepared and ex- 
amined microscopically we shall see that the eoitex is composed 
of seveial layers of cells colomed a golden olive-brown. The 
outei ones, which form a continuous coating covering ovei the 
whole frond, appear square m outline m the Intnsveise suction 
Then walls aie thin except those which form the outer surface ol 
the plant, and these outei walls togethei foim a sheet which ma> 
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be called the cuticle Within the superficial layei the cells of 
the coitex are larget and they increase in si/e hom without 
inwards They aie polyhedral and they measuie appioximately 
the same in every diiection (Cells with this shape aie called iso- 
diametncal ) Like the superficial cells they have thin walls and 
they appear completely filled with piotoplasm, in which rs em- 
bedded a single nucleus and countless veiy minute chromatophores 
These latte 1 contain the olive-biown colouring matter which gives 
the eoloui to the frond Like the chloioplasts of the gieen cells 
we have examined, the chromatophoies aie made of piotoplasm 
and they contain the lour pigments found in the chloioplasts, u/ 
chloiophyll’# and xanthophyll, and caiotin In addition to 
these four there is in them anothci biownish pigment, fuco- 
xanthin While 111 the green plants the quantity of the Wo 
chloiophylls present m the chloioplasts is about live or si\ times 
that of the yellow pigments, m the chiomatophoies of Kucus the 
latio of the yellow plus fueoxanthin to the chloiophylls is 12/17 
This diffeience accounts foi the difference in colour The 
piesence of the chloiophyll may be veiy easily demonstiated by 
immeibing the frond in hot watei. This causes the yellow pig- 
ments to bleach and the undiluted gieen of the chloiophyll 
piesent becomes apparent The same lesult may he obtained 
by a shoit immersion in spmt 

As might be expected, the chloiophyll in these cells is piesent 
to enable the plant to foim caibohydiates from the caibon dioxide 
in the sui rounding water When Luc us has been exposed to 
blight light a gianulat substance is found in these cells It is 
piobably a carbohydiate Thus we lealise that Lucus denves its 
caibon by photosynthesis m a mannei sinnlai to othei plants 
possessing chloiophyll 

The mnei layei s of the coitex aie composed of cells with moie 
megular shapes than those of the outei layers just described 
They aie elongated in one diiection and have thicker cell-walls 
Then piotoplasm does not completely fill the cavity of the cell 
and a vacuole of consideiable dimensions is seen The chiomato- 
phoies aie not so densely crowded m the piotoplasm The 
change hom the outer to the mnei coitex is not abiupt but the 
ebaiacteis ol the cells of the two layei s grade into one another 
The central region of tire fioncl is called the medulla It is com- 
posed of sttands of elongated cells which lesemble hyphoe, and 
cohere loosely together at megulaily spaced points of con- 
tact, leaving inegulai spaces between them, Blanches hom the 
cells of the inner coitex penetrate between the hyphse of the 
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medulla Like the cell-walls of the innet coitc\, those ot tin* 
medullaiy cells are thick Wheie the cells come into t onta< t 
with one another the walls have thin spots (pits) upon them and 
these thin spots aie finely peifoiated Through these perforations 
excessively fine strands of protoplasm pass, linking up the protn- 
plasm of adjacent cells Similai connections are lound between 
the cells of the coitex The cells of the medulla possess \et) leu 
chromatophoies but they are peculiaily noli in tannin granuh s 
Evidently the tissue of the medulla acts as a stoirhouse Ini the* 
latter matenal 

In the nnd-nb the medullaiy hyphteare disposed parallel to ont 
anothei and mn longitudinally m the frond Theif elongah d 
toim, added to the fact that they possess letnunal perforations m 
then walls, fits them ptobably foi transmitting substances and Ini 
com eying stimuli m a longitudinal dnection 

Where the transveise section passes thiough one of the l nits 
of hairs emeigmg from the suiface, it will be seen that the bails 
take their origin fiom the sides of a small tlepiossion m the 
surface of the fiond and pass out thiough a small online , 'Flu 1 
margin of the orifice is often slightly laised above the smiounding 
tissue The hairs expose a large suilace to the sun minding 
water and piobably function as absoibmg oigans foi the mineral 
sa lts needed by Fucus m its nutrition 

Observation shows that Fucus glows by additions made to the 
ends of the branches On the very edge 01 tip of a growing bum h 
there is a small groove running m the same plane us the bond is 
extended Microscopic investigation shows that the bottom of 
this groove is formed of a linear senes of laige leetangulai eells 
which frequently divide by means of partition walls These walls 
cut off segments parallel to the innei and longitudinal sides 01 
faces of the cells. The segments foimed on the longitudinal 
faces subdivide and give rise to the cells of the coitex uhile 
those cut off from the inner surface develop into tin* meclulhuv 

bypto Thus from the growing gioove all the tissues of the plant 
are formed 1 


Sometimes the middle cells of the senes (01 mine the bottom ol 
the gioove cease dividing while those lowauls eilhn end continue. 
In this way two groups are foimed horn the ongmally continuous 
senes and as each continues growth and subdivision two mowitm 
legions are developed, each of which ultimately gives lise to a 
blanch, and bifuication, 01 dichotomy, results. 

coimZflf 11 . 6 C ? nt ‘ al c ® lls °t the S 100ve S 1VU rlsc u> bic mid-iib 
composed of its elongated medullary hypha* and the « ones, while 
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the ends of the gioove foim the flattened parts of the fiond or 
each side of the nud-nb These lattei peisist only foi a time anc 
as the apex glows and foims new tissues the oldei tissues at eacl 
side of the mid-nb giadually wear away and leave the mid-ill 
alone peisisting The mid-nb thus shipped of the lateia 
paits of the fiond peisists and foi ms the coid-like stem ol the 
plant 

The localisation of the giowth of the plant at definite spots, e g 
the tips of the bonds, necessitates a constant supply of nutiitnt 
materials to these places loi the manufacture of these new cells 
The supply is conveyed by the elongated cells ot the mid-nb hom 
the cells of the coitex all over the plant 

We have seen that the conical cells manulactuie caibon com- 
pounds by photosynthesis ; they also — especially the tufted bans — 
may be supposed to absorb nitiates and othei salts hom the sea- 
watei These matenals, etthei in the ciude foim 01 more pi ob- 
ably after being synthesised into pioteins, are transmitted hom the 
outer coitex through the elongated cells of the innei coitex into 
the medullaiy hyphie and so into the mid-nbs where they aie 
conveyed in the paiallel hyph«e to the giowing points 

In Fucus then we have a maiked division of laboui among the 
tissues, some canymg on absoiption, some photosynthesis, some 
acting as channels of communication In addition to these we 
have special groups of cells set aside foi giowth, a special part 
again acting as an oigan of attachment, and, as w r e shall see, all 
these somatic cells aie difleicnt fiom the lepioduetive cells 
Such physiological specialisation, as is mvanably the urle, ^ 
associated with structuial differentiation Evidently such stiuc- 
tuial differentiation is impossible in unicellulai oiganisms m 
which the single cell has to dischaige a numbei of function* 
simultaneously. So that it is only in multicellulai oiganisms wc 
can expect to find marked division of laboui and with it diffei ence^ 
in foim and structuic (moiphological and structural differentiation] 
among the individual cells 

The reproductive cells of Fucus are veiy maikedly differ enti 
ated from tire somatic. They are ioimecl in the cushion-like 
terminations (receptacles) of some ol the blanches The re- 
ceptacles are studded over with a numbei of wart-like prominence*- 
from which, as we have seen, delicate hairs emerge. The opening 
through which the hairs emerge leads into a small spherical cavity 
called a conceptacle, foimed m the coitex of the fiond 'The 
cells composing the wall of this conceptacle suppoit the hairs jusi 
mentioned, among the bases of the bans the special capsules foi 
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the gametes aie found They aie ol two kinds — oogonia and 
antheridia 

The beginnings of these two organs lesemble those of the bans 
A cell from the cortex foiming pait of the wall glows out into the 
conceptacle , as it elongates it divides transveisely 'The teimmal 
segment projecting into the cavity becomes an oogonium oi an 
anthendium as the case may be The basal segment touns its 
stalk In the case of the oogonium the teimmal cell enkuges 


P 
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Ftg, 19 — Fucns platycarpus, receptacle, transverse section passing through 
a conceptacle, microphotograph, x 100, a, antheridia; o, oogonia; 
P, paraphyses (hairs) " 

greatly and becomes ovoid so that it is just visible to the unaided 
eye It is filled with dense protoplasm and is olivc-biown owing 
to the huge numbei of chiomatophoies it contains. Its nucleus 
divides and the lesultant nuclei undergo two successive divisions, 
so that theie come to be eight nuclei in the piotopksm of the 
oogonium Round this mass two sepaiate membranes are formed 
within the original cell-wall of the oogonium, and the mass divides 
into eight pieces each containing one nucleus. By the successive 
liquefaction and rupture of the original cell-wall and of the outei 
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of the two inner membiancs the eight masses — the ova — aie east 
out of the oogonium into the cavity of the coneeptacle, still loosely 
held togethei by the inneimost membiane 

Meanwhile the development of the anthendia is pioceedmg 
As in the case of the oogonium, the terminal cell becomes the 
gametangium 01 sac containing the gametes In this case, how- 
eve 1, its piotoplasm bleaks up into sixty-four nucleated pai tides, 
each of which is veiy minute and peai shaped, lurnished with two 
cilia, an eye-spot and a yellow ehiomatophoie These aie the 
speims They aie launched into the com eptacle, still enclosed 
in an innei membiane, by the mptuie of the anther ldmm. 
While the development of the sperms has been pioceedmg the 
stalk cell of the antliendial hair produces anothei cell which 
displaces the first antheudmm and continues the giowth of the 
hail , blanches aie foimed and numeious anthendia similai to the 
fust aie pioduced as teiminal cells We find theiefore that each 
anthendial han gives use to a laige number of anthendia in a 
piolonged succession The blanched hail with its numeious 
anthendia looks like a minute bush 

When the tide leaves a plant of Fucus the watei imbibed 111 the 
frond evaporates slowly and causes a contraction This seems to 
squeeze out the detached ova and speims still enclosed in the 
inner membranes of the gametangia along with a diop of watei y 
mucilage fiom the conceptacles The diop is retained at the 
opening of the coneeptacle by the bunch of halts issuing thiough at 
Here the inner membranes of the gametangia dissolve or rnptufe 
and the gametes are at last entnely free 1 

The very minute speims appeal actively motile and swarm 
lound the laige ova One of them embeds itself m the surface 
of the latter and is gradually absorbed Aftei it has been thus 
engulfed its nucleus has been seen to pass acioss the cytoplasm 
of the ovum and make its way to the centially placed nucleus of 
the lattei A fusion of the two nuclei then takes place When 
fertilisation has thus been effected, the ovum loses its attraction 
foi othei speims, and those which pieviously weie aggiegatecl 
lound it move off to unfeitilised ova The oospeim foimed 
in fertilisation immediately seciets a cell-wall ovei its surface It 
is washed away fiom the coneeptacle -bans by the returning tide, 
settles on some solid object and immediately glows into a new 
Fucus plant 

No asexual unproductive cells have been found 111 Fucus The 
great morphological and stmctuial differentiation of the somatic 
cells of Fucus has its counteipart in the complete differentiation 
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of its sexual cells And in the lowei forms of vegetable life, such 
as we have been eonsidenng hitheito, it is usual to lind that 
diffei entiation of the somatic cells is associated with duffei enliation 
of the leproductive also Hence we are led to suppose that the 
sexual cells of the simplest and therefoie the most pnnntive 
oiganisms wcie similar to one anothei Thus while the fusing 
gametes of Chlamydomonas aie identical with one anothei, a 
physiological distinction is aheady visible in such a simple 
organism as Spnogyia, and in the more complex oiganisms, 
Vaucheria and Volvox, wheic already some somatic diffeientiation 
is perceptible, maiked moiphological and stiuctuial differentiation 
is apparent in the gametes They aie plainly distinguishable as 
the quiescent large ovum and the motile minute speim This 
differentiation is still moie maiked in Fucus 

Following a somewhat similar line of thought and finding 
that sexual lepi eduction normally occuis penodically in the hie 
histoiy of the moie complex foims, while m the simplei 01 lower 
forms repioduction is eithei always, oi more frequently, effected 
by asexual cells (spoies), we suimise that asexual leproduction is 
the moie pnnntive method Asexual repioduction may be 
effected by simple cell division 01 budding (Spnogyia, bacteria, 
yeast), oi by segmentation of the piotoplasm within the cell-wall into 
two or more masses (bacteria, yeast, Chlamydomonas) The spoies 
wiien liberated aie smaller than the adult cell and evidently, unless 
they find adequate supplies to enable them to meet the necessaiy 
demands of energy and matenal, they will peush Thus we olten 
find spoies specially provided with a store of food matenal such 
as fat, caibohydrates and proteins Should they exhaust oi lack 
this ' they will be exposed to the hunger stimulus We may 
imagine that those which are naked, oi only incompletely coveied 
with a cell-wall, will, m i espouse to this stimulus, lespond as the 
simplest organisms do, by ingesting or engulfing othei cells. The 
spoies ibeing set free usually in numbeis togethei will naturally 
undei staivation conditions tend to ingest one another and thus 
obtain; sufficient nutriment to persist and carry on till change of 
conditions piovides foi then development This pioceduie, 
which in the iiist instance was supposedly initiated by chance, 
might become normal by the recurrence of the same conditions. 
In some process like this we may piesent to ourselves the oiigm 
of sexual repioduction Suppoit of this view is found in the 
obsei vation that the sexual cells of many of the lowei plants may 
be made to act as spoies (1 e lepioduce the plant without fertilisa- 
tion) if they aie nchly supplied with food/ The geimmation of 
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*i gamete without feitihsation is technically known as partheno- 
genesis 

In some species of Fucus the antheridia and the oogonu 
develop in the same conceptacle, m others they are formed in the 
c onceptacles of diffeicnt plants 

These unisexual (dioecious) individuals lend themselves to 
inteicsting expenments Supposing the ova ol one of these 
dioecious species be collected m a watch-glass m salt watei and 
into the same glass the speims of a second dioecious species aie 
intioduced, feitihsation will take place and hybrid oosperms 
lesult When the plants giow to maturity it is found that they 
aie intermediate in their chaiacteiistics between the two paients 
If now the speims of the first plant aie added to the ova of the 
second, similat hybuds will also be pioduced and these hybrids are 
identical with those produced in the first expenment One might 
be inclined to think that such a result was only to be anticipated 
and pass on without fuithei reflection.® But this simple obseivation 
shows that the chaiacteis of the paients are transmitted in the 
gametes, notwithstanding then minute size , and further, that these 
characters are equally represented m the excessively minute speims 
and in the laiger ova, and that the influence of the speim on the 
development of the embiyo is as potent as that of the ovum 
Hence it is probable that the amount of heicditaiy material 
conti lbuted by the sperm is equal to that contnbiited by the ovum 
Owing to the unequal amount of cytoplasm in the two cells it 
seems highly improbable that the cytoplasm is the heicditaiy 
substance and conti ols the development of the offspring While 
the bulk of cytoplasm in the two gametes is veiy diffeient it may 
be observed that the bulk of granulai material in the nuclei 
(ehiomatm) of the two gametes is at least approximately equal 
This observation suggested to investigators that the chromatin of 
the nucleus is the hei editary substance or gemi-plasm, and the view 
is suppoiled by many other considerations, some of which will be 
spoken of latei 

If the chromatin of the nucleus of the gametes is the geim-plasm 
then we may with equal probability assume that the ehiomatm of 
the nucleus oi a ispoie is its geim-plasm Wherein then may 
we expect repioduction by spores to differ from that by gametes'? 
Evidently the spoie contains the geim-plasm of one individual 
only, while the oospeim, 01 zygote, contains that of two Offspring 
developing fiom an oosperm will be the mean of two individuals 
so that idiosyncrasies will tend to be averaged out, while the 
individual peculiarities of the single parent may be looked foi m 
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the offspring developing from the spore On the other hand, thou* 
is double the chance of vanation in the individual which tomes 
from the oosperm These two results tend in different cl nett ions 
and on the whole we may look foi gieatei numheis oi vumtions 
in sexual reproduction, while we may expect among the individuals 
pioduced from spoies widei and moie unbalanced diffeiences 
Thus we see that sexual lepioduction possesses certain qualities 
which are not shown by asexual reproduction and undei eeitum 
conditions these qualities may well be advantageous, and so have' 
become fixed in ceitain oigamsms 

In order to mtioduce new qualities by sexual reproduction it 
is evidently advantageous that the sexual cell should originate horn 
plants as widely separated as possible In stationary oigamsms 
like plants this demands that the gametes themselves should be 
motile As the organs of motility aie cilia the cells must be small 
and hence the supply of reserve matenal m the motile < ell is 
limited A compromise secfuimg enough stoied food matenal loi 
the developing embryo and an introduction into its constitution 
of the foreign element is secured by the differentiation of the* 
gametes into the large quiescent ovum chaiged with stoic 
materials and the active travelling sperm coming possibly horn 
a distance, or fiom an individual 01 oigan possessing a dilfeienl 
genealogy from the ovum 


PRACTICAL WORK 

Cut transverse sections of the receptacles of Fucu\ ptatyiarpiu. Place 
these sections in a staining block containing salt water. Select out the 
thinnest and mount in a drop of sea water and cover, Notice how the 
cell-walls of the medullary cells swell up and become gelatinous Sketch 
the elements of the various tissues, cortex and medulla Obseive and 
draw the conceptacles Good complete median sections of the conceptackh 
are hard to obtain and usually must be built up fiom many fragments. The 
walls, the hairs, the antheridia and the oogonia are easily identified. The 
antheridia are on shrub-like hairs formed of branching filaments of cylindrical 
cells which support the sac-like ovoid antheridia with coarsely granular 
contents, which are yellow when mature. The oogoma are the most 
prominent objects in the preparation The mature oogonia show the 
eight rounded ova enclosed m the transparent membranes. The ova me 
olive-brown Stages between the first beginnings of the oogonium up to 
the formation of the ova are easily found and should be diawn. 

Ripe sperms and ova are often found in these preparations* m they may 
be collected by immersing mature receptacles m a small quantity of sea* 
water in this manner the act of fertilisation and the first stages m the 
development of the embryo may be studied 

- J he dimensions of the ova and sperms should be estimated by means 
of the Ghost-micrometer, ^ w 
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PoLYSiriiONiA is one of the Red sea-weeds In general its species 
aie small and inconspicuous, being at most a few centimetres in 
height, but it makes up lor its diminutive size by its beauty of 
colour and of stmctuie 

Our study will be of Polysiphoma fcistigiata which is always 
iouncl growing on one of the Brown sea- weeds ( Ascophyllum 
nodosum), a laige Fucus-like plant with a narrow bond and large 
and conspicuous bladdeis Polysiphoma appears like tufts of 
coaise dark xed-brown hair over this plant Although it always 
glows on this plant, appaiently it uses the brown weed only as a 
support and is not parasitic upon it Technically it is an epiphyte 

When submerged in w r atei Polysiphoma shakes itself fiee and 
appeals as a delicate filiform plant, of an exquisite deep lose 
colour, the blanches of which taper out into great fineness 
Examined microscopically each branch is seen to be cylindrical 
and composed of segments Each segment is made up of an 
axial cylmducal cell suirounded by about eighteen pnsmatic cells 
which foim a cortex lound it All these cells are of the same 
height. The axial cell, which is somewhat bulged at its equator, 
and so somewhat barrel-shaped, has a diameter about equal to its 
height The radial sides of the prismatic cells are as high as the 
axial cell but measure ladially only about one-fouith or one-third 
then height Owing to their wedge-like form their outei tangential 
wall is about twice as wide as their inner wall and its width equals 
about l of its height The uppei and lower ends of the cortical 
cells are i oof-shaped— the ridge running radially in the stem, 
and fitted between the adjacent ends of the cortical cells of 
the segment above and below Owing to this bevelling of the 
ends of these cells then outer tangential walls are elongated 
hexagons when viewed from outside Often a slight spiral twist 
oi the branch imposes on these cells a distortion, which relieves 
the regularity of construction from geometrical severity. The 
distinct outlines and graceful pioportions of the cells and then 
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symmetucal anangement confei on this branch an architecture 
which is stnlungly beautiful 

The walls of these cells aie comparatively thick, and against 
then innei suiface is the usual layei of cytoplasm containing 
one oi more small nuclei (invisible till stained) and countless 
chiomatophoies These lattei aie veiy minute and so closely 
packed togethei that the cytoplasm appeals almost uniformly 
colomed with them They have a lose colour, due appaiently 
to an intense led pigment, which completely masks the piesenee 
of a gieen colounng substance This lattei is plainly seen when 



Fig 20 — Polysifihama fasfogtata, branch above on left, sketch drawn when 
microscope is focussed on the near side, on the right, when the focus is 
transferred to the median plane, below is a reconstructed transverse 
section. All x 150 c, cortical cell , m, medullary cell. 

the led pigment is lemoved by alcohol or hot watei. The gieen 
coloui is due to the presence of chloiophyll, possibly in its two 
foims a and b togethei , very piobably with a ceitam amount of 
xanthophyll and carotin. In the cytoplasm are also often seen 
granules of a substance resembling starch and crystals of piotem. 
The contents of the axial cells resemble those of the cortical 
cells save that the chromatophoies are not so densely crowded 
111 then cytoplasm 

As we pass in the examination of one of the blanches of 
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Polysiphoma from its base out to its end, we find that it bears 
two lands of lateial shoots The fiist aie just like the main 
axis possessing a coitex and a chain of axial cells, the second 
aie filamentous, being a single iow of cells tapenng to a point, 
and suppoiting a few similai filamentous blanches The name 
branches may be leseived moie piopeily fm the fotmei , the 
lattei aie descnbed as bans The extieme end of a blanch is 
lounded, being occupied by a small hemisphencal cell Im- 
mediately next to this and below it aie found seveial disc- 
shaped cells. These have atisen as segments cut off from the 
base of the hemisphencal cell, and each gives use to the cells 
of one whole segment of the stem At a shoit distance back 
from this short apical cell longitudinal divisions aie loimcd in 
the disc-shaped cells cutting off the coitical cells from the axial 
cell The first division which is formed paititiomng the dis- 
coid cells from the apical cell is not absolutely complete, but 
the tiansverse wall is left perfoiatcd by an exceedingly minute 
poie, through which a fine tluead of pictoplasm passes con- 
necting the discoid cell with the apical cell When the next 
segment is cut off a similar piotoplasmic connection is formed 
Hence the whole senes of axial cells m a bianch aie connected 
by these fine piotoplasmic stiands They may be often cleaily 
seen by focussing deep into the bianch In the same way the 
partitions of cellulose separating the coitical cells from the 
axial cell aie peifo rated and piotoplasmic connections are left 
binding the coitical and axial cells of a segment It is evident 
that this method of development cannot piovide protoplasmic 
connections between the coitical cells of adjacent segments 
But such connections are to be found in the older pails of 
the branch. They aie produced in a very pecuhai mannei 
The nucleus of a cortical cell moves towauls one end and 
them divides in two One of the nuclei thus foimed moves 
still closei to the end and becomes separated off into a veiy 
small cell The partition wall, howevei, is peifoiated, and so 
the cytoplasm of the cortical cell and its tiny fragment aie con- 
tinuous The cytoplasm of the fragment now glows out towards 
the neaiest cortical cell of the adjacent segment, dissolving its 
way through the barner of cellulose. When the channel is 
complete and connection is made with the cytoplasm of the 
coitical cell of the neighbouring segment the nucleus of the 
fragment passes through the channel and enteis the adjacent 
cortical cell The fragment now shnnks in sue and only a 
line thiead of protoplasm, with a slight enkugement upon it, 
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persists Thus the piotoplasm of the coitical cells of the 
successive branch segments become connected and the mini bn 
of the nuclei m these cells is augmented. 

Branches are formed close to the apex They wise liv the 
formation of a lateral bulge on one of the disc-shaped segments 
beneath the apical cell This becomes cut olf fiom the dis< - 
shaped cell and acts as a hemispherical cell 11 longitinlm.il 
divisions do not quickly supervene it becomes a him il they <>< < u* 
it is called a branch No chromatophoies aie found m tlu* cells 
of the hairs 

Carbohydrates are formed in the cortical cells of the bi.tmlus 
by the chromatophores which contain chloiophyll and ar< essoiy 
pigments They aie often stoied theie, and in the axial evils, in 
the form of the staich-like bodies alieady mentioned The 
necessary salts, especially nitrates, and water appeal to be ahsoibrd 
all over the surface, possibly the hairs are specially effective m 
this absorption The primary protoplasmic connections ol the 
axial cells convey proteins elaboiated from the caibohy duties and 
mineral supplies to the apical cell and the gi owing legion inmiedi- 
ately below it The slowei giowth of the basal purls and the 
repair of their waste is provided foi by the ladial connections and 
the secondary connections of the coitical cells The small si/e of 
the plant renders the development of a special conducting tissue 
such as is found m Eucus unnecessaiy Foi respiration l*ol> si- 
phonxa utilises the oxygen dissolved m the sea-water. Jt is fheie- 
fore aerobic 


Polysiphonia has two very distinct methods of leproduelion, an 
asexual and a sexual process They are of gieat mleiost as 
elucidating the life-histoiy of higher plants 
Asexual reproduction is effected by means of tetiaspoies. These, 
as their name indicates, aie formed m fbuis in a raothei-celi the 
tetrasporangium The tetra&porangium anses as follows one ot the 
cortical cells of a segment near the apex divided « . t, pi ^))\ into 
an inner and an outer segment The mnei m ;m< >c <, \nh , inins- 
versely into a large upper cell and a small basal one The impel 
one grows and swells into a large sphencal cell, which is tlu* 
tetrasporangium Its nucleus divides into fom, and the cytoplasm 
cleaves into foui masses each containing one of these nuclei, 
lhese cells aie the tetraspores They are ananged tetiahedmlly 
m the sporangium At first, owing to then mutual pmssuie, they 
each have three flat pyramidal faces. Later, as the wall of the 
spoiangium stretches they become sphencal. They then escape 
b\ the breaking up of the branch m which they aie ionned. 
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Usually a laige numbei of tetiaspouuigu aic foimecl m a blanch 
which becomes distorted and nodulai as they matui e 

The tetiaspoies on then escape float passively m the watci 
When they settle on a suitable suppoit they adheie to it and foim 
lound themselves a cell-wall The wall m contact with the support 
is sucker-like and fixes the gemnnating spoie A tiansveise 
division establishes an apical cell and immediately initiates the 
chaiactenstic giowth of the plant 

The sexual lepioduction of Polysiphonu piesents many featuies 
of interest The speim cells are not piovided with cilia, they die 
developed in laige numbers in special oigans- — the anthendu, 
which arise m the same mannei as the haus Unlike these, how- 
evei, at an eaily stage one of the branches of the hau develops a 
eoitex Fiom the coitical cells numbers of small cells aie de- 
veloped They aie piocluced like the cells oi short bifm eating 
filamentous hairs, but so closely ciowded logethei that they foim 
a compact tissuc-hke mass Then terminal cells form the supei- 
ficial layei of the elub-shaped anthendium, which is attached to 
the axis by the basal pait of the ban When matuie, the pioto- 
plasmic contents of each supeificial cell emeiges as a naked cell 
and is borne about by the currents in the watei 

The female gamete is called the caipogomum It too is the 
teiminal cell of a lateial hau, which is developed fiom a cortical 
cell of a bianch. Immediately aftei the differentiation of the 
coitex of a filiform bianch, one of its cells divides longitudinally 
into an innei and an outei segment The outer segment sub- 
divides and develops into a short filament of four cells — the carpo- 
gonial hair (often called branch), which turns upwaids so as to be 
almost parallel to the row of axial cells. The teiminal cell of this 
branch pioduces a long process while its base is enlaiged so that 
the cell may be compared to a flask with a long and veiy slendei 
neck. This cell is the caipogomum The filifoim piocess is called 
the trichogyne The inner segment of the coitical cell now divides 
tiansversely into two, one of these, the upper portion, is called the 
auxiliaiy cell It is approximately at the same level as the base of 
the caipogomum Meantime the coitical cells at each side of the 
caipogomal hair develop and subdivide, giving xise to shoit fila- 
ments of cells which glow round the caipogomal han, envelop it, 
and conveige on its outer side These filaments eolieie togethei 
and foim a spherical receptacle coatmg ovei the caipogomal hair 
while they allow the tnchogyne to pioject thiough a minute gap 
between them This whole struetme, attached by the base of the 
branch on which it has developed, is called a piocaip. Usually 
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other bifui cations of the bianch are also attached to the < onnnon 

When the speims emeige fiom the supei final tells oi tlu 
antheiidium they aie carried by cunents m the sunotmding "atci, 
and appaiently their numbeis aie sufficient foi chance alone to 
secuie that at least one will leach almost eveiy Uiehogyne ( )nt e 
a sperm touches a trichogyne it adheies to it and the thin mem 
brane of the trichogyne dissolves at the point oi contact, and tin* 
protoplasm of the sperm forms connection with that ol the caipo- 
gonium The nucleus now moves out of the spetm and passes 



* 



Fig 21 — Polysiphoma On the lett, ends of branches and cyHlocsupH, 
x i xo On the right, a, ~ . ' 1 section, \ boo a t c«upo 

gonium, b } trichogyne, » w young cystocaip, (Partly 

after Oltmanns ) 

down along the trichogyne and fusing with the* nucleus of the* 
carpogonium forms the oosperm 

The cytoplasm of the carpogonium is stimulated by this fusion 
to develop a papilla, which grows toward the adjacent auxiliary 
cell The nucleus of the oosperm divides and one segment of it 
moves into the papilla The lattei continues its growth through 
the cell-wall and finally penetrates into the auxiliary cell and 
unites the cytoplasm of the carpogonium with that of the aux- 
iliary cell Along this connecting budge the segment of the 
oosperm nucleus passes and takes up its position in the* auxiliary 
cell The process reminds one stiongly of the formation of the 
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secondary protoplasmic connections among the coitical cells 
Once in the auxiliary cell the segment of the oospeim-nucleus 
divides lepeatedly and some of its segments move into buds 
foimed on the suiface of that cell These buds become the 
ongm of shoit filaments, the tei minal cells of which enlarge, be- 
come ovoid and aie called caipospoies The mass of carpo- 
spoies so foimed is enclosed in the receptacle foimed by the 
filaments enclosing the procarp An opening is left into this 
fructification 01 cystocaip, as it is called, at the pole towaids 
which the cortical filaments conveige and through it the carpo- 
spores aie set free when they matui e 

Plants bearing tetiaspoiangia do not pioduce anthendia or 
caipogoma Neithei do sexual plants pioduce tetiaspoiangia 
It is evidently of great interest to ascertain how the two foims of 
Polysiphoma aie lelated Observation has bi ought to light the 
surprising fact that a plant bearing tetraspoiangia nevei gives use 
normally to one bearing tetiaspoiangia Smiilaily a sexual plant 
nevei pioduces fiom its caipospoies a sexual plant The adage 
that “like begets like 13 is strikingly contradicted by the life-histoiy 
of Polysiphoma 

The caipospoies arc set free usually in the late summei 01 
autumn They geiminate immediately and give rise to plants 
which do not attain theii full size befoie the winter In the 
following spring they continue their growth and begin the 
foimation of reproductive oigans in May, and about June form 
tetiasporangia The tetraspores aie set free in July and germinate 
foithwith The plants arising from them mature quickly, and m 
August foim anthendia and caipogoma The caipospores arising 
from these aie set fiee fiom the cystocaips in August 01 Septembei, 
and so the cycle is completed Inasmuch as the life- cycle is not 
wholly ^contiolled by seasonal changes, the life-histoues of all 
individuals in one locality do not synch ionise with one another, 
and one often finds tetrasponc plants and carpospouc plants out 
of season , but the calendar given above is that which has been 
noted m a senes of carefully ohseived cultures The want of 
simultaneity, howcvei, in no way mteiferes with the sequence of 
the different stages and in no case has it been found that a cai- 
pospore gives rise to a caipospouc plant A icgulai altei nation 
is the rule A caipospouc plant bearing sexual oigans, anthendia 
and caipogoma and pioducmg carpospoies, is developed fiom a 
tetiaspore. While a plant producing tetiasporangia containing 
tetiaspoies is the outcome of a carpospoie The lme of descent 
is thus a regular alternation of sexual plants and asexual plants. 
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It is of great interest that this alternation of sexual and asexual 
generations which we have just studied in Polysiphonia, ottuis 
in less precise and clear-cut phases m many simplei and nune 
primitive plants, while it is found fiimly established and with un- 
failing reiteration in the life-histoiy of all the highei t)pes <>1 
vegetation Nothing stuctly compaiable to it chanu tenses the 
life-histones of animals Its occunencc is one of the bioad dis- 
tinguishing characteristics of the vegetable kingdom 

PRACTICAL WORK. 

Mount a small piece of Polysiphonia in sea-water Obseivt* that uhen 
the bianch is caused to roll over by pushing the cover-glass on one m«U it 
is evidently cylindrical. Sketch with low power With^ the high puvtt 
make drawings of it at different levels of focus. The lust is to be of an e\ 
ternal view of a portion of a branch It will show the outei surfaces of the 
cortical cells on one side of the branch Those m the middle hue of the 
branch next the observer will show their complete outei wall, winch being 
viewed perpendicularly will not be foreshoitened The outei laces of those 
removed from this line, forming the curved suiface of the eyhmhical sit m, 
are oblique to the line of vision of the observer and appear foieshorteued anti 
consequently will have to be repiesented narrower on the chawing. 1 In 
number of cells visible on the near side of the branch by focussing at dtfieu nt 
levels should be caiefully noticed. The drawing should also show tin* 
manner in which the cortical cells of the adjoining branch-segments inlei 
lock The cell contents of the nearest coitical cells should lu* lecorded and 
careful search made for the protoplasmic communications between the tells. 

The second drawing should represent a median optical section of tin 
branch and should show about three successive axial cells m section and on 
each side of them radial sections of the cortical cells. Carefully retold the 
dimensions of the cells m both drawings. 

Reconstruct a transverse section of the stem. Being a cylmdei its tianM 
verse section must be a circle Make a circle having a chametei equal to 
that of your longitudinal optical section Within thus draw a content! u 
circle having a diameter equal to that of the axial cell m the longitudinal sec- 
tion Now subdivide the circumference of the outei cncle into as many 
divisions as there are cortical cells— l e double the numbei recorded m the 
first drawing. These divisions should equal the width of the middle emtical 
cells m the first drawing Draw radii from the points marking these sub* 
divisions on the outer circle to the inner cncle In this way the outlines of 
the cells will be obtained as they would be seen m transveise section. 

Search should be made for the reproductive organs, tetiaspoumgiu, 
anthendia and procarps in their various stages of development. The eat- 
pogonial branches and trychogynes are very difficult to observe. The details 
of their structure can only be made out by embedding and section-cutting. 
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Ir is d highly suggestive Let that all the simplest and most 
primitive foims of plant life aie inhabitants of watei and it is only 
among the moie highly developed that we find those which aie 
so constructed as to be able to suppoit themselves on land Of 
the examples which we have discussed so fai only the two lungi 
are adapted to sub-aenal conditions Many of the fungi, howevei, 
are aquatic and even those which produce aenal oigans have the 
gieatei pait of then mycelium continually immersed m a liquid 
m moist substiatum, 01 aie embedded in the watei y tissues of 
then hosts, and the aenal organs aie formed only in connection 
with mechanisms to secuie the distnbution of their spoies by 
means of an currents It is interesting to note that it is m the 
fungi which are thus sometimes partially adapted to sub-aenal life 
that we find peculiai tubulai organs developed for the intiacellulai 
liansnussion of the gametes to effect fertilisation, so that the 
tiansport necessary to effect fertilisation is independent ol aenal 
conditions 

'The simple body of these aquatic or semi-aquatic plants is not 
diffeientiated like that of the higher plants into stem, loot and 
leaves Being for the most pait completely immersed in a fairly 
uniform medium, the law materials needed for nutntion may be 
absoibed all ovei then suiface Hence no advantage would be 
obtained m the development on then undifferentiated body oi 
thallus of special areas foi the absoiption of caibon dioxide and 
foi photosynthesis, or for the absorption of mineral salts These 
moie simple and undiffeientiated plants thus primarily adapted to 
an aquatic life aie conveniently classed together as Thallophyta, 
a name descnptive of their simple morphology, which is m har- 
mony with the physiological umfoimity of the medium in which 
they live 

Out subject for this lectuie — Marchantia ftolymorftha — is a 
land plant, but one possessing so many of the characteristics of 
aquatic vegetation that it seems as it weie to illustrate m many 
wa) r s how a land floia may have originated from aquatic and 
semi-aquatic plants. 
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Its thallus — for its body is not differentiated into stem, loot, 
and leaves — is fiat and nbbon-like, and glows ovei moist soil It 
is dark green m coloui and shows many bifui cations I he ends 
of the branches show deep indentations and then edges aie 
n regular and slightly cimkled The indentations at the ends of 
the blanches maik the position of the growing legions oi the 
thallus Passing back from these to the older pads a shallow 
groove may be seen which marks the position of the lmu-ub 
When the growing region divides to foim a biiuieation natuia ly 
the mid-rib divides too If closely obseived the sudace of the 
thallus on each side of the mid-ub may be seen to be nuuked out 
into very small lhomboidal areas, and in the middle of eueh ol 



Fig 22 — Mar chan < ' 1 11 A, plant with cupules, wmtei condition ; 

B, plant with ■ 4 C, plant with archegomophortsH 


these aieas a minute red speck is seen These areas mark the 
position of air-chambeis in the thallus immediately below the 
superficial layei of ceils, and the speck is a short tube oi flue 
perforating this layer and ventilating the chambei below. 

If thb thallus is raised fiom the soil and its lowei smfaee 
studied, it will at first appear covered with the adherent soil pm- 
ticles When they aie removed the mid-iib is seen as a low ridge 
running medianly in the thallus, liom the under surface spiing 
countless fine colourless hairs which peneliate among the putUeles 
foimmg the surface of the soil and fix the plant to them. They 
are called lhizoids Theie aie also numbeis of inegulai mem- 
branous scales attached to this surface of the plant on eiihei sale 
of the nud-nb, 
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The minute stiuctuie may be best made out fiom a tiansveise 
section of the thallus Undei the low powei this section shows 
that the nud-nb of the plant is much thickei than the edges The 
uppei legion of the section is gieen owing to the piesence of 
tissues containing much chloiophyll, the lowei two-thuds to seven- 
eighths is colouiless 01 at least not coloured gieen From the 
lower surface spung numbeis of tubular structures, the rhuoids, 
and what in the section look like chains of cells, which aie the 
tiansverse sections of the scales 

With a high powei fuithei details may be made out The cells 
of the uppei superficial layer aie small and almost squaic in cioss- 
section They have thin walls and then protoplasmic lining con- 



Fig 23 — Marchcuitia polymovpha , thallus transverse section, x zoo 
c , cuticle, e , ventilating pore leading into air-chamber, fi, partition, 
r, rhuoids , s (on uppei suiface), superficial layer , 5 (on undei side), 
scales , t , layers of large cells 

tains small ovoid chloioplasts embedded xn it They aie uni- 
form m sue, and fitting closely together, they form a continuous 
membrane coveung the uppei side of the thallus Here and there 
the section cuts through a ventilating pore 01 the cells forming 
the shoit tube 01 collai sui rounding it One can see that the 
collai consists of four tiers of nanow cells Two of these tieis 
are laisod above the superficial layei and two aie below it In- 
spection of the collai in a surface section of tlxe thallus shows that 
each tier is an oval ung composed of four cells, so that the collai 
surrounding the poie is built up of sixteen cells m all The foui 
cells of the lowest Uei have each a blunt tongue -like bulge upon 
them more 01 less obstructing the apeituie of the pore These 
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obstructions and the inside of the wall of the poie aie coated with 
a waxy material which is not easily wetted, so that a drop of watei 
finds it very difficult to enter by the poie. Immediately below 
the supeifiual layei aie the air-chambeis of the thallus They 
aie sepaiated fiom one anothex by small vertical walls one 01 two 
cells thick resting on the flooi of these chambers The cells 
foimmg these walls and the floois of the chambeis aie similai to 
those of the superficial layei in size and foim, and like them they 
contain chloioplasts The cavities of the chambeis aie paitially 
filled with dark gieen cells Examination of these shows that the 
cells are somewhat banel-shaped and they aie grouped togethei 
in short filaments 3 or 4 cells m length These filaments glow 
up fiom the flooi of the chambei and extend into its cavity, being 
bathed m the an filling the lattei Sometimes they «uc blanched 
The cells fbiming them have veiy thin walls, and in then pioto- 
plasm there aie great numbeis of chloioplasts so that the filaments 
have an intense gieen colour Evidently this whole gieen layei 
of the thallus is a highly specialised arrangement wheieby these 
cells with their photosynthetic appaiatus, covcied only with 
delicate walls, may be piotected fiom desiccation, even though not 
submeiged 111 watei The smallness of the poies leading into the 
chambeis secures that the air cunents will not cany off too lapidly 
the watei vapoui sun 0 unding the cells, while danger of blocking 
with water and thus cutting off the supply of caibon dioxide is 
minimised by the waxy lining and the obstiuctmg pioeesses of the 
pore 

Beneath the layer of small cells containing chlorophyll which 
foim the floor aie several layers of large cells with little or no 
chloiophyll These cells often contain a certain amount ol staieh 
and always a large watery vacuole Their function seems to be 
to hold a supply of watei for the green cells and to stoic the 
material these have formed in photosynthesis Then walls aie 
relatively thick, sometimes they have narrow groove-like marks 
upon them which are thin places on the walls, these aie called 
pits Piobably the lattei facilitate the movement of liquid from 
one cell to another 

The lowei surface of the thallus is foimecl of two ot tluec 
layers of small irregulai cells Then walls are often coloured 
violet 01 brown, they aie without chloiophyll The rhizoids are 
seen to be outgrowths from some of these cells at the surface 
They are of two kinds rhizoids with straight tubular walls, 
smooth on the inside as well as the outside, and othcis with 
constricted walls furnished on their inside with numerous peg- 
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like ingiowlhs piojecting into the cavity of the cell Very little 
protoplasm can be seen in any of these lhizoids, they ate chiefly 
filled with watei and then function, in addition to fixing the plant, 
seems to be di awing watei fiom the soil to the plant Of couise 
this watei will be a dilute solution of salts and hence these 
lhizoids supply the plant not only with watei but also with all the 
other constituents it requues as food, except carbon If the de- 
mands oi the plant exceed the supply fiom the soil evidently the 
walls of these flexible tubes will tend to collapse Piobably the 
pegs on the inner wails aie to guaid against complete collapse 
which would close these channels of supply. 

A curious phenomenon is often seen in these rhizoids When 
a rhizoid loses its piotoplasm, the cells adjoining its base giow into 
it and pioduce new lhizoids which leplace the old one, as many 
as thiee 01 foui of these secondaiy lhizoids may be found within 
the wall of the pumaiy one 

Fiom this shoit sketch we see that although the thallus of 
Marchantia is not diffeientiated into distinct vegetative oigans, 
its cellular differentiation is considerable, so that we may lecogmse 
in it a much more highly developed plant than any of the types 
we have hitherto studied Greatei division of laboui is necessi- 
tated since the thallus is seldom completely submerged, and hence 
while it would often be useless foi the uppei suiface of the thallus 
to be absoibent, it is necessary that the function of absoiption 
should be always possible by the under surface to make up ioi 
evapoiation and to allow of giowth Then also development of 
the stoiage tissue enables the plant to tide ovei penods oi diought, 
but the thickening of the thallus which is necessaiy to secuie this 
end cuts off the lower suiface from the light and necessitates the 
limitation of the " issues to the uppei suiface The 

doisal position o: ■ ■ photosynthetic cells necessitates 

piotection fiom evapoiation . at the same time fiee access of the 
an and its caibon dioxide is lequired The ehambeied stiuctme 
of the upper tissues with poies in the loofs of these chambeis 
meets both these lequnements 

Maichantia has two prolific methods of asexual lepioduction 
The fiist is a puiely vegetative piocess and depends upon the 
shoit-lived natuie of the vegetative cells. These cells appeal 
normally to have a span of life of about one oi two months As 
the new cells aie formed at the tips of the branches, the cells at 
a shoit distance fiom these tips become senescent and die. As 
soon as the cells iormmg the bifurcation uniting two branches aie 
involved in this senile decay the two blanches become independent 
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of one another and each foims a sepaiate plant- ^ 
anothei example of the frequent — though at fust sxglat V 
— connection of death with lepioduction 

The second method of asexual leproduction i B a 
lific It is earned on by means of gemma:, which aie ** 
shaped masses of cells about a millimetie in diameter* 
detached fiom the plant grow into new plants 
aie found attached to the bottom of small cup- S ti£fcp 
(cupules) developed on the middle of the thallus. 
have a colourless senated maigm Each gemnia is it* 
the bottom of the cupule by a shod stalk It arises 
celled hair The distal cell enlaiges and subdivide^ 
produces a lens-shaped mass of cells There are 
tions m the peupheiy diametncally opposite to on< 
These become the first gi owing points of the young pUxn 
the gemma has attained its full size it is set free t>y tint 
of the stalk foimed of the basal cell, and if it finds itsell 
able position, ceitam of its supeilicial cells glow out an< 
into ihizoids The lhizoids develop from specially 1 onqp 
the gemma which do not possess chloiophyll They are 
both sides, but only those develop which have a chanetJ 
of use to the young plant This puiposeful develop 
been shown to be due to the lesponse of these cells to tl 
of stimuli. Thus moist an and a positive gra vita tiona.1 
evoke their development, while light and a negative g ro 
stimulus inhibit it 

The lesponse then to these stimuli secuies that tine r 
the young plant aie noimaily developed on that side w 
contact with the giound. As soon as these rhizoids L>e* 
absoiptive functions the gi owing points m the two depre 5 
the margin of the gemma become active and they soo 
the gemma into a small thallus At hist there is no cli 
tion in the gemma into doisal and vential aspects, eitlnei 
develop according as external stimuli duect its giowtln : 
a ceitain point is leached m the development when t 
ventrality of the tissues of the young plant is established 
the doisal side loses the powei of developing lhizoids* 
the ventral aspect, and the vential aspect loses tine 
developing as the doisal. The cells of the gemma., wb 
developed m a veitical plane while in the cupule, are in 
entiated in their responses to these stimuli, but those fori 
the growing regions, when the gemma is in a horizontal 
lespond diffeiently to the same stimuli Hence we mu? 
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that cliffeient chauictenstics aic dealt out to the different cells as 
they are formed m the growing legion in response to external 
stimuli, 01 that these stimuli differentially inhibit oi develop 
potentialities m the cloisal and vential cells 

PRACTICAL WORK 

Sketch both aspects of the thallus of Manhanha polymorj*ha % magni- 
fying it 4 to b diameters 

Cut off a thin piece from the upper surface, mount and examine Sketch 
the lhomboidal areas and the central pore, using the low power 

Make a transverse section and mount This lequnes to be very thin to 
show the structure of the dorsal tissues satisfactorily. A sketch should be 
made with the high power of the green layei, showing the cells round the 
pore, those of the roof, fiooi and photosynthetic filaments of an au-chamber 

Sketches should also be made of the cells of the stoiage tissue and of the 
two kinds of ihizoids 

Specimens showing cupules and gemmse are easily obtained in May and 
June The vegetative structure of the thallus may be studied at any season 
of the year 
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Asexual leproduction by gemmae in Maichantia usually takes 
place in the autumn and spring, while sexual lepioduetion is 
commonly obseived during the summei Hence it is that the 
sexual organs aie not commonly found on the plants with most 
cupules. Plants in the sexual stage are veiy easily lecogmscd 
They are furnished with very remaikable veitical blanches 
These blanches are of two kinds, antheiidtophoies and aiche- 
goniophores Both kinds seem never to occur on the same plant 
They are developed at the growing region and form a duect con- 
tinuation of the nud-ub , but they bend veitically upwards, using 
an indentation at the end of the horizontal branch to emeige 
from underneath the margin of the thallus The maigin ol the 
thallus often by subsequent giowth closes lound them so that to 
casual obseivation they appeal as growing up thiough the thallus 
The antheudiophore has a whitish stalk about 1-3 cm long, 
which supports a disc-shaped top The stalk is loughly pnsmatic, 
having five faces Two of these faces aie bowed outwards and 
thiee aie grooved The giooves on two aie veiy deep and the 
sides close over them, so that two vertical lubulai channels aie 
loimed running down the length of the stalk At the upper end 
the stalk spieads out to form the disc Eight distinct lobes on the 
margin of the disc show that we have to do with a system of 
blanches, each lobe representing the apex of a blanch The 
middle of the disc is thick and massive and the maigin is mem- 
bianous. Its surface resembles the upper suiface of the thallus 
and is piovided with numeious air-chambeis, each with its cential 
poie In addition to these pores the uppei surface of the disc 
is studded over with many dark puiple spots which aie most 
numeious along the low lidges which run ladially out to the lobes 
of the margin These spots indicate the openings of nanow 
canals leading down into deep rounded cavities in the anthendio- 
phore The cavities aie lined by a layei of cells, the walls of 
which are coloured a deep purple Each cavity is almost com- 
pletely filled with an egg-shaped body~the antheridmm — attached 
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to the base o f the cavity by a slender stalk The anthendium is 
a thin- walled sac containing countless speim-cells. When the 
speims are npe, if watei finds its way to the uppei surface of the 
anthendiophoie it is diawn thiough the nanow canal, and passing 
into the cavity leads to the mpture of the anthendium The 
speims aie dischaiged as a milky dioplet and aie dnven out on 
the suiface of the anthendiophoie They are threadlike and very 



Hi Or 24 — Manhantia polymorpha , longitudinal section of antheridiophore 
on left and of aiciiegomophore on right, x 25 a , young anthendium 
cut in median plane, b f outside of young anthendium, antheridial 
cavity showing the cells which lme it , d, median section of older anthend- 
ium , e } ventilating pore , f, photosynthetic filaments , g, membrane 
surrounding archegoma , h and t, archegonia , k , rluzoids in one of the 
longitudinal giooves of the stalk , s, scale on antheridiophore. (Partly 
aftei Kny ) 

minute ; they possess two long cilia While still in the antheiidium 
tlie sperms appear as a ting 01 flattened spnal, but when they aie 
set hee they assume the shape of a coik-sciew blade They are 
earned by dew or ram tailing on the uppei surface of the antheu- 
diophoie over its mat gin and are, 111 all probability, conducted to 
the soil by lluzoids which aie attached to the under suiface of 
the disc, and travel down the stalk by the two tubular channels 
already mentioned. 
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The aichegomophoies are similai to the anthendiophores in 
their lelation to the thallus They aie also differentiated into a 
stalk and disc , but the stalk is usually logger and the disc is sub- 
divided into finger-shaped piocesses Like the anthendiophoie 
the aichegomophoie is a bianch-system, but the gi owing tips veiy 
early turn downwaids and inwaids towaids the top of the stalk, 
so that then positions aie maiked by deep indentations in the 
edge of the disc The intei veiling tissues foim the ladiatmg 
fingei -shaped processes The sexual oigans, m this case arche- 
gonia, are formed on the ongmal uppei surface of these intuined 
apices Owing to the cuivatuie of the latter, the suiface bearing 
the aichegoma is turned downwaids The aichcgoma aie foimed 
on a small triangulai patch on each bianch-tip This patch is 
marked out and sunounded by an megulai membiane, which 
hangs down vertically fiom it There ate about fifteen aichcgoma 
on each patch Each aichegomum is flask-shaped, It has a 
globulai body and a delicate neck The base of the flask is 
attached to the patch while its neck hangs vertically downwaid 
The wall of the body of the aichegomum is a single layei of cells 
thick and it encloses a single laige sphencal cell, the ovum The 
neck is composed of six lows of cells sui rounding an axial column 
of cells The lattei soon disintegrates and leaves a passage lead- 
ing through the neck to the ovum. The aichegoma aie foimed m 
legulai sequence at the gi owing legions, hence the youngest aie 
found closest to the stalk of the aichegomophoie 

We have seen that it is only when moisture is abundant that 
the antheudia luptuie and expel the speims, m the same way it 
is only when water fills the space enclosed by the membiane sui- 
loundmg the archegonia that the disintegiating column of cells 
in the neck of the matui e aichegomum swells up and opens the 
way up to the npe ovum. These disintegiating cells give use 
probably to some soluble substance which acts chemotactically on 
the speims, for the lattei have been obseived to ciowcl round the 
neck and swim towaids its opening. 

The two longitudinal giooves of the stalk of the archegomo- 
phoic aie like tho&e of the anthendiophore tiaveised by bundles 
of rhizoids which take then ongin near the outer $nd of the 
finger-shaped lays of the disc. Thus at their base they pass close 
by the membiane suuoundmg the aichegonia and put this tiny 
leseivon of watei m connection with the watfer of the soil The 
speims conveyed theie by the rhizoids of the anthendiophore 
may be supposed to find themselves undei the onenting influence 
of the dilute chemotactic substance liberated from the archegonia. 
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J hc diffaent grades of its concentiation occurring in the grooves 
of the dichegoniophoie lead the sperms on among the rhizoids 
until they reach the aichegomal patch There they are set fiee 
among the archegoma and are attiacted to an archegomum, the 
neck of which has just opened One passes in and fuses with the 
ovum. 

1 hus it is evident that while the vegetative parts of this plant 
aie largely suited to a terrestrial life the ciliated sperm-cells lequne 
aquatic conditions m older that they may function and carry on 
fertilisation 

Lhis is only possible by special arrangements which secure a 
water connection, between the two blanches supporting the sexual 
oigans The development of an internal conducting system by 
the superficial lhuoids is a point of great interest, and it is obvious 
that m addition to transmitting the sperm-cells, the rhizoids of 
the two sexual branches must play an important part m conveying 
water from the soil to the uppei legions of these branches, 
bunging up supplies needed 111 growth and making good the watei 
lost m evaporation 

The spherical oosperm formed by the fusion of the sperm with 
the ovum in the archegomum does not forthwith develop into a 
plant of Maichantia It divides into eight segments Four of 
these he lound the pole turned towards the neck and four round 
that next the base of the archegomum These latter by further 
subdivisions and giowth, form a little mass of tissue which presses 
itself into the base of the archegomum and acts as an absorbing 
oigan (called the foot), and as the stalk of the developing embiyo 
The distal hemispheie enlarges more lapidly and is soon differ- 
entiated into a thin outei layei of cells forming the wall of a 
capsule and containing a vast number of polyhedral cells fitting 
closely together Some of these cells elongate rapidly and develop 
tubular walls tapeung to each end Their protoplasm disappears 
after it has deposited spiral thickenings on the inside of the cell- 
walls These aie elaters The others are completely filled with 
protoplasm. Then nucleus is laige, and soon divides into foui. 
Round the foui resultant nuclei the cytoplasm separates, and so 
four globulai cells (spoies) aie foimed simultaneously in each 
mother-cell They are arranged tetrahedrally in the mother-cell 
and aie slightly flattened on three faces by mutual pressuie The 
outer surface of the walls of these spoies is coveied with a finely 
granular deposit fiom the lemams of the protoplasm of the 
mother-cell. 

During the development of the embiyo into the spore-capsule, 
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the stalk and the foot, the archegonium is sti etched and keeps 
pace with the giowth of the embiyo within Outside the aiche- 
gonium a collar of tissue glows up round it and arches ovet it 
and finally the stalk of the aichegomophore elongates consider 
ably, so that it becomes 3 or 4 cm long Evidently the effet is 
of fertilisation are not limited to the ovum but they aie transmitted 
to the sui rounding tissues 

When the spoies and elaters are upe within the capsule, 01 
spoiangium, the stalk elongates and shoves the spoiangium out 
thiough the top of the aichegomum, and out of the m-ai clung 
collar, so that it hangs down free and uncovered fiom the under- 
side of the aichegomophoie At liist the protiuding spoiangium 
looks like a daik gieen knob Later it becomes yellow m coloiu 
and splits at the top with 4-6 radial clefts The mass of spoies 
and elateis, which weie appaiently m a state of compression, 



Fig 25 — Marchantta polymovpha , top of archegomophoie, vertical section, 
x 8. Fertilised archegoma with embryo-spoiophytes in different stages 
of development are seen. 

expands and a laige number of spoies aie liberated The le- 
mamdei aie retained 111 the tangled mass of elateis, which adheies 
to the base of the sporangium, and aie shed out in dubs and 
diabs by the hygroscopic curling and uncmlmg of the elateis 
These motions of the elaters are due to the unequal expansion 
of the cellulose wall and of the spnal bands of the elateis when 
imbibed with water Hence motion must result, when they lose 
watei to a diy, or absoib water fiom a moist atmospheie The 
whole apparatus acts like an inteimittent censei oi peppci-pot, 
shaking out small quantities of spoies at a time The height of 
the aichegomophoie facilitates this scattering, so that the spoies 
will not fall out on the soil m a compact mass 

Thus we find an advantage in the elevation of the aichegonia 
in the archegomophoie which compensates for the difficulty that 
elevation mtioduces in the way of feitihsation The spoies on 
reaching the ground geiminate immediately and produce a small 
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filamentous plant Divisions aie soon developed which tiansfoim 
it into a plate of cells attached to the soil with ihi/oids Growth 
and diffeic filiation pioceccl till a diminutive plant of Maichantia 
is foimed. 

Companion of the life-histoiy ol Maichantia with that of a 
simplei oigamsm like F ucus bungs out a sinking diffeience The 
oospeim of Fucus glows and differentiates dnectly into an indi- 
vidual which lesembles the paients which pioduced the ovum 
and speim This is not the case with Maichantia The fextilised 
ovum glows into the small stiuetuie composed of spoiangium, 
stalk and foot, which develops 111 the archegomum on the aiche- 
gomophoie The growth of this stiucture takes place at the 
expense of the materials in the aichegomophore, which are ab- 
soibed and tiansmitted to it by the foot This spoie-pioducmg 
appaiatus is entirely dependent and paiasitic on the aichegomo- 
phoie Plants, like the paients which pioduced the ovum and 
speim, aie only foimed when the spoies gcimmate and develop 
Compaied with Fucus the spoie-pioducmg apparatus is a new 
stiuetuie mtioduced into the life-history, and without paiallel m 
the life-histoiy of the simplei plant The plant which pioduccs 
the gametes or sexual cells is appropi lately called the gametophyte, 
while the individual which develops fiom the oosperm and pio- 
duccs spoies is called the spoiophyte The complete life-cycle 
of Maichantia comprises an alternation of these two phases The 
fust phase is the gametophyte It consists of the cieepmg 
biltu eating thallus, which, absoibing water and nuncial salts from 
the soil by its ihuoids, constiucts organic substances by photo- 
synthesis m its green tissues F01 leproduction it forms aiche- 
gomophores and anthendiophores, producing aichegoria and 
antheiidia with then ova and spetms The second phase is the 
spoiophyte, much simpler in stiuetuie, composed of the spoiangium, 
its stalk and foot, and wholly paiasitic on the gametophyte 

Evidently such a life-histoiy is moie compaiable to that of 
Polysiphonia. In the lattei we have a somewhat similar alter- 
nation of caiposponc phase — the gametophyte — with the tetia- 
sporic phase* — the spoiophyte 

Anothei point of diffeience between the true tballophytes, which, 
as we have seen, aie pumitively aquatic plants, and the repre- 
sentatives ol teirestnal plants like Maichantia, is to be found in 
the stiuetuie ol the sexual oigans. The gametangia 01 receptacles 
oT the sexual cells m the former aie bounded by the cell-wall of 
a single cell within which the gametes develop. In the higher 
types the gametangia aie multicellular and are built up, like the 
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anthendia and aichegoma of Mai chan tui, of *i huge numbei of 
cells The stiucture of the aichegonu is veiy umioim in huge 
gioups of the highei plants and diffeis veiy stukmgiy liom that 
of the oogonia of the algre Hence it is sometimes convenient 
to speak of the gioups of the land flout which die ehanu tensed 
by this special foim of female ganietangium as the An hegoniates 
Maichantia is one of the Aichegoniales 

PRACTICAL WORK. 

Examine the archegomophoies and antheridiophoies with a simple lens. 
Make sketches of them from various aspects, magnifying them j ot $ 
diameters 

Prepare transverse sections of the stalk Make sketches showing the 
longitudinal grooves containing the rhi/oids 

Prepare radial vertical sections ol the disc of both organs and make 
sketches illustrating the structuie and position of the aulheridia and aiche- 
goma 

Material collected m May and June will illustrate the development of the 
anthendia and archegoma. Sections of the anlheudiGphmes will show the 
mother-cells of the sperms and the pioduction of the sperms. Aichegomo- 
phores at the same time will show the development of the archegoma, 

fertilisation, and the early stages of the spoiophyte. 

If a drop of water is placed on one of these anthendiophores and watched 
for a few minutes with a simple lens, the ejection of the sperms may be 
easily observed. They appear like minute piths of milky fluid emitted from 
the antheridial cavities into drops of pellucid water. 

Material taken later in the year, vi/, July to October, shows the various 
stages in the development of the sporophyte up to the dehiscence Oi rupture 
of the sporangium and the emission of the spoies from it. The stiucture 
and movements of the elaters may be observed mtuos eopicatly by mounting 

some of them dry and uncovered on a slide 
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Funana hygrometrua is a veiy common moss often found, on 
locks and walls, and especially m sandy situations It glows 
in patches, laige numbeis togethci loaning a close sod The 
sepaiate plants m these colonies aie about 2 cm. high each has 
a way veitical stem beset closely with small ovate-pointed leaves 
The stem is biown, the young leaves louncl the top of the stem 
aie gieen, those lowei down ate brownish Rhizoids which aie 




Fig. 26 — Funana hygrometrua a piece of piotonema with bud ( b ), x 80. 
On light is shown a leafy gamefcophyte with spoiopliyte attached, x 2. 
a, apophysis; c, calyptia, 0, operculum; 9 , seta; t , theca (PaiLly 
after Sachs ) 


tluead-hke and of a biown coloui aie attached to the lowei pait 
of the stem and fix it m the soil 

Many of the plants support at the tip of then leafy stem a 
slendoi, way and twisted stalk, bent at the top. To it is attached 
a pear-shaped body* — the sporangium. At first the sporangium is 
green, later it becomes yellow and then biown In its early stages 
it is usually more or less completely coveied with a membranous 
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cap, the calyptra As the sporangium npens, underneath tlu* 
calyptra may be seen a tiny brown circulai lid, the opeiculuni. 
Later the calyptia and then the opeiculum come away and allow 
a fine biown dust to shake out fiom the spoiangium The guuns 
of this dust are the spores 

When these spores are shed they aie tctiabedral in shape and 
each is coveied with a biown outei wall They absoib watei and 
become spherical The biown outer layei bleaks and the coloui- 
less inner layer of the wall is pushed out as a tubular cell This 
grows on and forms a filament of cells, in which theie aie usually 
numbers of rounded chloroplasts embedded m the piotoplasnnc 
film lying against the inner surface of the cell-wall As the filament 
grows it creeps along the suiface of the soil and loans large numbeis 
of branches, some of which grow down into the soil The cells of 
the filament which are exposed to the light aie rich in chloioplasts, 
those which dip into the soil are colouiless The whole blanch- 
ing filament is called the protonema If conditions aie fix voui able 
it will cover the soil with a nch green velvety mass When the 
protonema is well established, special small lateial peai -shaped 
branches begin to be formed These develop into the stem and 
leaves of the moss Micioscopic study has shown the develop- 
ment of the plant from these blanches to be as follows The end 
cell of these branches is at fiist hemisphencal Three oblique 
partitions arise m it, and form an apical cell of pyiamidal shape, 
the base of the pyiamid being pait of the hemisphencal suiface of 
the original cell As this cell enlarges segments aie cut off from 
each of its inner or convergent faces The segments aie then 
divided by partitions paiallel to the suiface of the bianch, into 
inner and outer cells The three inner cells divide repeatedly 
and produce a column of thm-walied tissue, of which the axial 
cells are long and nairow, and the outei aie widei and somewhat 
shorter These form the mnei tissues of the stem of the moss, 
The outer cells formed fiom the first segments of the apical cell 
give rise to the outer cells or cortex of the stem, and to the leaves. 
The cortical cells develop thick biown walls and so the coitex 
becomes a rigid tube encasing the stem and giving it stiffness. 
As these tissues aie being developed and diffei entiated fiom the 
segments of the apical cell, that cell continues to grow and foim 
fresh segments so that giowth is continuous Leaves aie formed 
from certain of the outer segments of the apical cell. By lepeated 
divisions these segments foim a small shelf of cells beside the 
apex This is a single layer of cells thick and one of the cells 
centrally placed becomes an apical cell , by subdivision this gives 
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rise on each side of itself to new cells which aie added on to, and 
met ease, the length of the young leai 

The cells immediately behind this apical cell divide longitudin- 
ally and foim a mid-iib oi nanow cells 1 mining down the middle of 
the leaf, while the sides of the leaf lemam but one cell thick 
The cells of the mid-ub aie long and nanow with thin cell-walls 
and lesemblc those of the axial stiand of the stem, but aie not 
connected with it The api< al cell of the leaf continues its giowth 
and division foi a time when it teases the leal continues to glow 
foi a shoit time by the enkugement of the individual cells ibiming 
it , but that too ceases soon. The matin e leaf has an oval outline, 
and is attached to the stem by a bioad base Et has a pointed 
apex The cells on each side of the mid-iib fit togcthei closely, 
they aie somewhat elongated, in the dnection paiallel to the mid-iib, 
and m form aie polyhedial, then walls aie at fust colouiless and 
subsequently biowmsh They contain piotoplasm in the foim of 
a him lying against their walls and they enclose a large vacuole 
In the piotoplasmic film theie aie numbers of chloioplasts 

At hist the piotonema alone fixes the stem to the sod but latei, 
as the stem grows m length, lhi/oids aie developed fiom some of 
the lowei coitical cells and supplement the piotonema The 
principal functions of the lhi/oids seem those of attachment and 
lepioduction. It is improbable they aie of impoi lance in absorp- 
tion The whole suiface of the moss plant is absoiptive This 
explains the absence of a continuous ( onductmg system The 
lhuoids aie smiilai to the piotonema m stiuctuie, being composed 
of cylmdtical cells and being bumched Sometimes they give 
rise to new plants, just in the same manner as the piotonema 
does 

While the stem is giowing in length it has a pointed apex, the 
extieme point being occupied by the apical cell When the 
sexual oigans aie about to be loaned, the apex becomes flattened 
and bioadei On the male shoot the leaves lound the apex aie 
1 eddish in coloui and on the lounded apex itself aie foi mod a 
numbei oi short han s~*-lho paia]>hyses, and antheridia. 'The 
paniphyses aie composed oi foui 01 five cells attached end to end 
The cells at the base aie nanow and the distal cells are laige so 
that each ban is club-shaped 'Hie anthendia aie not quite so 
long as the paiaphyxes 'They aie elongated sacs on shoit nanow 
stalks attaching them to the apex The wall oi the sacs is foi mod 
of a single layei oi polyhedral cells which contain chloioplasts 
Hie top is closed by a Jew huge colourless cells — the lid-cells 
rhe sac is filled with a vast mimboi oi minute cubical cells fitting 
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closely togethei, each with veiy thin cell- walls and complete!) 
filled with protoplasm The nucleus ol each of these spei in- 
mother-cells is elongated and continues to glow in length so that 
it forms a shoit spiral thread in the outei pail of the cell. At this 
stage if water comes m contact with the antheiidium, the swelling 
up of the mucilaginous mateiial in the base oi the anlhentlmm 
expels the cential mass of speim-mothei-( ells, blasting open the 
lid-cells of the antheiidium 

1 Outside the antheiidium the spemi-mothei -cells continue then 
development The cytoplasm foims a coating ovei the elongated 



'Cl 

Fig 27 — Funcina hygvometnea , apex of male branch on left, and of a female 
branch on the right, x 135, a , antheriduim ; /;, sperms being set free, 
c , paraphysis, d f leaf, c , neck of archegonium ; /, neck-canal; g , venter 
of archegonium , h 3 ovum. 


spiral i nucleus and is produced into two long cilia. By the 
motions of these cilia, the sperms thus ioimed begin turning 
round and lound in the mothei-cell 

Archegoma are usually found at the apex of a shoot which is a 
bifurcation of the bianch which beais the male shoot. The leaves 
round this apex are similar to the ordinary foliage leaves and 
surround a number of paraphyses as well as the arehegonia. 

The archegoma are in shape like tall narrow flasks on shod 
pedicels The body is small and the neck long and narrow. 
The ovum is contained within the body and the passage of the 
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neck is occupied by a single column of elongated cells— when 
these cells disintegiate they leave a canal leading down the neck 
to the ovum 

The sperm-cells, which by this time have disentangled them- 
*'’*■ Ives fiom the debus of the mass of sperm-mother-cells expelled 
hom the anthendium, aie attiacted to the necks of the mature 
mchegonia A single speim passes through the fluid remains of 
the neck-canal-cells and makes its way to and fuses with the ovum 
the final malunng stages of the archegoma and anthendia can 
only take place 111 piesence of watei and this at the same time 
supplies a watei -way foi the tiansit of the sperms from the male 
to the female bianch The guidance of the sperms in this passage 
seems to be due to the formation of a chemo- 
taelic substance emitted by the archegoma, 
developed possibly fiom the dismtegiatmg neck- 
canal-cells. The nature of this substance can 
only be mfened from the fact that it has been 
found possible to divert speims fiom their 
natural goal by introducing a source of sucrose 
into the liquid submeiging the sexual shoots 
Thus it has been obseived that sperms will 
turn aside from archegoma and travel towards, 
and finally entei capillaiy glass tubes contain- 
ing a solution of that sugai. The extreme 
.sensitiveness of the sperms to such influences 
may be judged by the fact that a solution of 
o 001 pei cent exeicises an attraction for them 
These chemotactic l espouses are particularly 
interesting as they affoid a chemical and me- 
chanical basis for a phenomenon which might 
otherwise be attributed to spontaneity or pur- 
poseful volition. 

The feitiliscd ovum, 01 oosperm, in the archegonium divides 
into an upper and a lower hemispheucal cell, They each by 
oblique divisions give rise to an apical pyramidal cell The 
lower one produces a small mass of tissue — the foot — which 
picbses into the bottom of the aichegomum, and makes firm con- 
nection with it, the upper forms a cylindrical mass which grows 
much moie vigorously and pushes the upper part of the arche- 
gonium befoie it. At fust the growth and sti etching of the 
aichcgonium keeps pace with the elongation of the embryo it 
contains, but later the archegonium is tom by the embryo’s con- 
tinued growth, and the upper part is separated as a cap — the 



Fig 28. — Funana 
hy grometrtca i 
showing female 
{/) and male (m) 
branches of 
gametophyte, x 
about 10 (After 
Collins ) 
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calyptia — on the top of the embiyo, the base lemauung as a 
sheath — the vagina — round the foot 

Undei the calyptra the uppei end of the embiyo enlaiges and 
forms the spoiangmm, 01 theca, suppoited on the bristle-like 
stalk or seta The theca is peai -shaped with a slight obliquity 
Its tapeied end is continuous with the top of the seta and is bent, 



i 

■ i 


just wheie it joins the seta, 
at light angles The axial 
tissue of the seta, which iorms 
a stiand of elongated cells 
thioughout its length, is con- 
tinued up into the tapered 
base, or apophysis, ol the 
theca This stiand has ap- 
parently the function of con- 
veying matenals absoibed by 
the foot up the seta to the 
developing theca 

Externally obliquely peat- 
shaped, the theca may be 
compaied to a thick walled 
wine-glass conducted at its 
11m and closed with a small 



Fig 29 — F unana hygromctnca , theca 
longitudinal section, x 40 a, oper- 
culum, Zyperistormum, c, annulus; 
d, columella, < - - - > 

/» air-space , g, 

1 , photosynthet 1 4 ^ , 

k, stoma, l t epidermis 


lid — the opeiculum The 
wall of the theca is composed 
of about five layeis of cells. 
At the bottom, however, it is 
many layeis thick, so that the 
space enclosed by the wall 
leaches only about half way 
down the theca, the lowei 
half being formed by the 
solid apophysis In this 
space is slung a solid cylm- 
ducal coie The coie is held 
m position theie by elongate 
cells, passing from it to the 
mnei surface of the wall of 


the theca, which tiaveise the thimble-shaped space sepauUing the 
coie fiom the wall 


In the outer region of the coie a layei is differentiated, the cells 
of which aie nchei than then neighbours in protoplasm and give 
use to the spores, This is the spoiogenous layer, and the whole 
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mass within this layei forms the columella The uppei end of 
the columella is cone-shaped and projects into the slightly domed 
opeiculum, while its lower end is much attenuated and joins the 
axial tissue of the apophysis 

Ongmally the tissue of the opeiculum is continuous with that 
ol the wall of the theca, but as diffeientiation ptocceds a groove is 
loaned on the outside maiking off the opeiculum and defining the 
11m of the theca Immediately above the am a low of laige cells 
with easily broken radial walls is foimed, and its outer walls 
sepaiate as a continuous band by the luptuie of the ladial walls 
This band is called the annulus. The sepaiation of the annulus 
leaves the opeiculum free to fall off Like the wall of the theca 
the opeiculum is a few cells thick The lower suiface of the 
opeiculum is cut off horn the top of the columella by a single layei 
of cells, which is continuous with the innei layei ol the wall ol the 
theca The outei and inner walls of this layer of cells aie stiongly 
thickened while the ladial walls connecting these aie thin and 
early disappear leaving the thickened walls as two sepaiate mem- 
bianes over-ai clung the top of the columella These two cone- 
shaped membranes split with sixteen radial clefts from the apex to 
the edge and so foim two rows of sixteen teeth each attached to 
the inside of the 11m of the theca This appaiatus is called the 
peristomium 

As the theca matures, the cells of the spoiogenous layei each 
give use to foui spoies, the thm-walled tissue of the columella 
loses watei and shrivels up, teaung open the space in which these 
spoies he It is at this moment the cell-walls ol tire annulus give 
way and the operculum is cast off, exposing the penstomuim 
The teeth of this latter aie veiy sensitive to changes in atmosphenc 
moistuie and by then hygioscopic curvatuies alternately bend m 
and out of the cavity of the theca, each time lakmg out a 
small quantity of the upe spoies, thus sealtenng them m small 
quantities over a consideiable time, Duung this peuod the seta, 
which is also hygroscopic and twisted, causes the theca to gyrate 
irregularly In this way the combined arrangements of the theca 
form a veiy efficient mechanism for distributing the spoies and 
preventing them fiom falling in huge masses which would lead to 
waste by the overcrowding of the developing moss plants. The 
dependence of the common species of lAmana on the hygiometnc 
state of the atmosphere foi the distribution of its spoies is maiked 
by the specific title Punana hygrometnea 

With the production and shedding of the spoies the develop- 
ment of the whole appaiatus consisting of the foot, seta and theca 
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is completed and its function dischaiged It then turns biown 
and withers Taking its origin fiom the gametes of the leafy 
moss-plant it has developed into an oigamsm wholly unlike its 
parent It is evidently the asexual spoie-pioducmg phase — the 
sporophyte — succeeding the sexual phase — the gametophyte — and 
we have to do with an alternation of geneiations quite similai to 
that occurnng in Maichantia and piobably compaiable to that 
found in Polysiphonia The two phases aie lelatively simply 
organised and equally developed in Polysiphonia, while m Mar- 
chantia the spoiophyte geneiation is inconspicuous compared to 
the large gieen complicated thallus of the gametophyte In 
Funana we have the two geneiations fanly equalised in size and 
complexity of stiucture In Polysiphonia the two geneiations aie 
independent of each othei fiom the germination ol the lepioduc- 
tive body which gives origin to each of them ' Hus is not the 
case with Maichantia Theie the geiminating spore gives use to 
the physiologically independent holophytic gametophyte The 
generation developing from the oosperm obtains all its substance 
and nutriment fiom the tissues of the suppoitmg gametophyte. 
It nevei makes attachment with the eaith to obtain a supply of 
the mtiates and other mineral salts absoibed by holophytic plants; 
it possesses no photosynthetic organs 01 tissues, wlieieby it might 
manufacture caibohydrates fiom caibon dioxide and watei It 
develops wholly parasitically on the gametophyte, at hist wholly 
enclosed in it, and only bieaking forth fiom its surface when 
development is complete and it becomes necessaiy to shed the 
spores 

In Funaria, during the eaily stages of development, the spoio- 
phyte is entirely parasitic upon the gametophyte Thiough the 
foot it absoibs all its requuements fiom the tissues at the base of 
the archegonium, organic substances, mineial solutions and watei 
As it develops, chloroplasts are formed in its supeificial cells and 
no doubt supplement the organic substances tiansmitted from the 
gametophyte, by carbohydrates pioduced m situ by photosynthesis. 
Tissue specially differentiated foi this function is developed lound 
the conducting stiand in the base of the theca and forms the 
apophysis. 

The cells forming the outer layeis of the apophysis are thin 
walled and contain laige numbeis of chloioplasts, and the carbon 
dioxide of the an is conveyed to theii surfaces by mtercellulai 
passages which extend inwaids among the cells fiom the surface. 
Lest these mtercellulai passages should, by pei milting too fiee an 
escape of water vapour, allow the drying up of the photosynthetic 
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cells, then enhance is constucled to a nanow poie 01 stoma. 
On each side of the stoma is a cuived cell, a guaid-cell, lemincling 
one of the similai appaiatus lound the poie leading into the 
photosynthetic chambeis of Maichantia Hut it must be le- 
membeied that those poies aie stiuctiues in the gametophyte, 
while the stomata of Funana belong to the spoiophyte It may 
be remaiked heie that stomata having the structuie of this type 
aie only found on spoiophytes, and they occui with veiy little 
modification on the spoiophytes of all the higher plants. With 
this photosynthetic oigan, the spoiophyte of Funana m its later 
stages must be almost, 01 completely, independent of the gameto- 

Marchantia 


Sporophyte 

/ Mmute stalked sporangium! 
Parasite \^J 


Oosperm^ 

Sperm Ovum 

t t 

Anthendium Archegomum 

T t 

Antheridiophore Archegomophore 

Female Gametophyte 


S re 



Fig. 30.' 


‘ Male Gam-etophyte 

/ ^Creeping thallus with photosynthetic 7 
chambers, scales & eh 130/ds HolophyticJ 

-Diagram summaiismg the life-history of Marcliantia. 


phyte, so fai as its caibon supply is concern ed Appaiently’ 
howevei, foi all othei substances it is dependent on the gameto- 
phyte Hence, its paiasitism is not quite so complete as the 
-- • > ' f V"’chantia. 

1 of Funana and Maichantia may be summansed 

by the two schemes shown in lugs 30 and 31 

The foimation of buds on theproLonema and upon the rhuoids 
is a veiy piolific method of asexual lepioduction Such lepio- 
ductivc lhi/ouls are usually foimed on the lowei parts of the stem 
-rat they may aiise from almost any part of the gametophyte, 
especially fiom the detached paits kept in a moist atmosphere. 
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In this way the stem, the leaves and even the aichegomum of the 
gametophyte may, by the production of rhizoids, onginate new 
plants The spoiophyte has the same powei, and plants may be 
denved m like manner from parts of the theca and seta 

An interesting obseivation has been made on this method of 
reproduction m Funaua If leaves from around the anthendia on 
the male shoot aie taken off and induced to give rise to new 
plants, it is found that these plants can onty produce male shoots 
beanng antheudia Whereas plants sirmlaily developed fiom 
leaves of the female shoot, and even fiom the archegomum 
itself, pioduce the noimal bisexual plants with male and female 

Funaria 


Sporophyte 

/Foot, seta , theca / 
Senv-Parastte J 
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/ Protonema, leafy plant! 
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Fig 31 — Diagram summarising the life-history of Funaria 

shoots Apparently just before the bifurcation of the stem takes 
place, a cell divisron occurs in which the two cells aiismg lcieive 
different potentialities from the parent cell In this way we may 
suppose that eithei a substance is omitted fiom one that is neces- 
sary foi the formation of archegonia 01 something is included 
which inhibits their de\elopment 

PRACTICAL WORK 

Examine portion of a patch of Funaria and notice how closely the sexual 
shoots grow together. 

Remove a small group of plants by breaking the sod carefully. Wash 
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away the sandy soil and expose the rhi/oids , lay out a few plants on a piece 
ol white paper, or better, opal glass, and examine with a lens Make a 
sketch showing the stem with its branches, the rhi/oids and Itaves Also 
draw a specimen with spoiophyte attached Show the calyptia 

Mount a few leaves in water, sketch with the low power Also sketch a 
small gioup of cells irom the blade of the leaf, Record the shape of the 
ehloroplasts Observe that they aie usually ovoid Sometimes one is seen 
constricted in the middle Instances will he found where the constuction is 
deep and ultimately leads to fission The ehloroplasts multiply by fission 
Application of liquor lodi will bring out minute staich grains in the chloio- 
plasts 

Prepare longitudinal sections of the tips of male and female shoots 
Make drawings illustrating the form of the antheridia and archegonia. 
Estimate their sue by means of the Ghost-micrometer. Observe the masses 
of sperm-mother cells extruded from the antheridia Careful study of these 
will show the nuclei and stages in the development of the sperms 

Make a careful lens diawmg of a plant with sporophyte attached Mark 
the limits of the gametophyte and sporophyte Show the calyptia Remove 
the calyptra and draw the theca on a larger scale Show its attachment 
to the seta , indicate the apophysis and the operculum 

With a razoi cut a slice off the top of the theca of an immatuie sporophyte, 
including the rim of the theca and the operculum Place it on a diy slide 
and sketch under the low power 

Make a similar preparation from a theca which has lost its ,operculum 
Notice the penstomium, and observe how its teeth bend inwards when you 
breathe upon it They curve outwards as they dry 

Make a longitudinal section of an unripe theca before the operculum is 
detached Mount in water and cover. Your preparation should show the 
columella and spoiogenous layei sepaiated by an an space from the wall. 
Suspending filaments ti averse this space and attach the central mass to the 
wall Notice the apophysis with air spaces in its outer layers The oper- 
culum, the penstomium, the annulus and the rim may be seen in good pre- 
parations and should be lecorded m sketches. 


IO 
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The “ Male Fern ” Aspidmm fihx-mas is easily procured 
foi study It is one of the commonest of out native ieins and 
is found in large quantities in hedgeiows and woods. Most 
people aie familiar with its large, gieen, graceful leaves, con- 
vening to a centre where aie found the young, incuived 
leaves, coveied with golden-biown scales, lemmdmg one of 
the fairy paws of an animal The matuie leaves togethei 
foim a funnel-shaped ciown, 2 or 3 feet 111 diametei. At the 
maigm of the tunnel are the lecurved leaf-tips Their stalks 
run down togethei to the top of the stem The stalk of each 
leaf is continued upwaids as a central shaft — the rachis On 
each side of this there is a seiies of leaflets — the pinnae — 
giadually diminishing in size fiom below upwards Each pinna 
is attached to the lachis by a short stalk which is continued 
outwaids as a mid-nb in the leaflet The general outline of 
each pinna is feather-shaped, its length being about ten times its 
breadth at the base, but its maigm is deeply indented The 
indentations aie often so deep that they reach the mid-lib, and 
may divide the pinna into secondary leaflets — the pinnules 
This is especially the case in the innei parts of the basal pinnae 
The lower paits of the lachis and of the leaf-stalks aie coveied 
more 01 less thickly with golden-brown scales 

The stem can only be satisfactory seen by digging up the 
plant and washing away the soil which adheies to it It will 
then be found to be an megulai, rough and often somewhat 
curved cylmdiical mass, entnely covered over with the bases 
of leaves The part which is buned deepest in the soil is 
somewhat nairowei than the upper end and conveiges to a 
point "Hie top of the stem is coveied ovei by the incuivmg 
young leaves, each of which is curled inwards and idled up 
on itself, below and outside these are the fully developed 
gieen leaves The lowei part of the stem is closely coveied 
with the qmll-like lemams of the paitially-decayed bases of 
oldei leaves Fiom these oldei leaf-bases numerous loots come 
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oil These aie claik brown in coloui, coid-like and almost wiry 
m consistency The soft tissues and young leaves are at the 
top and the haid matenal and old leaves at the base of the stem- 
Evidently it glows at the top and there foims the new leaves 

The i elation of the leaves to the stem is best seen by splitting 
the lattei down longitudinally The uppei part of the stem is 
composed of whitish, cheese-like and somewhat slimy tissue 



f 


Viu 32. — Asptdnm filn-mas on the right, stem cut longitudinally, x 3 - 
a, net work of conducting tracts b, branches from 

leaver * c young leaves curved over apex, /fundamental tissue, 
/meshes ot net-work forming leaf-gaps; r, conducting tract of root, 
on the left is shown the net-work with the fundamental tissue removed. 


Tho exhume top is a low cone Viewing the cut surface with 1 a 
lens small prominences on the side of this cone may be made 
out. Those prominences aie the beginnings of leaves which 
in a Yoai’s time will have grown into small incurved leaves, 
similar to those which now are seen outside them curving 
owi the top In the meantime those which are now in this 
position will have developed into matme foliage-leaves^ Jhe 
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foliage-leaves retain then iresh green coloui for one season 
and then wither back, leaving only then base* atUu lied to the 
stem On the edge of the cut suiface of the longitudinally split 
stem we can make out the attachment of many oi these oldei 
leaves 

On the cut surface fibrous tracts of tissue are visible heie and 
there These tracts are cord-like and aie found in the stem close 
to the bases of the leaves Smulai but finei colds entei the stem 
from the leaves These aie the conducting tiacts or vaseulai 



root 

bundles which tiansmit water and othei materials tlnough the 
plant They form a tubular net-woik m the stem, dose to the 
bases of the leaves Each mesh of the net- work which is ir- 
regularly rhomboidal in outline coi responds to a leaf base* Thioad- 
like tracts are given off fiom the inside of the mesh, which, 
conveigmg slightly towards one another, then turn up wauls and 
pass out mto the corresponding leaf. This net-work of con- 
ducting tracts is embedded m the soft white slimy ^substance 
of the stem which is called the fundamental tissue The roots also 
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contubutc cord-like Uacts to the net- work of conducting Uacts 
in the stem There aie usually about three loots which emeige 
fiom the base of each leaf. Each of these loots has an axial 
conducting tract which passes fiom the loot into the base of 
the leaf-stalk just above the junction of the latter with the stem 
It then makes its way acioss the outer fundamental tissue of 
the stem and joins with a tiact of the net-woik The tiacts 
which aie given off fiom the meshes to the bases of the leaves 
pass up the leaf-stalks into the leaf-shafts and out into the mid- 
ribs of the pinnae Finally they pass into the pinnules and there 
they hifmcate and foim the veins m the leaf Thus there is a 
conducting system continuous throughout the whole plant from 
loot to leaf 

The fundamental tissue of the stem is composed of lounded 
cells with model ately thin walls Then diameter 111 different 
dnections aie approximately equal Such a tissue is often described 
as paienchyma The cavity of these cells is chiefly occupied 
with staich giams and mucilage, which have been deposited 
by the piotoplasm of the cells. Between the cells theie aie 
angulai intercellular spaces which contain an Each conducting 
tract has a fine coie of woody matenal which is tough and 
elastic It foims what is known as the wood, or xylem, of the 
sliand Sunounding this is a softei and more juicy substance 
which is known as the bast or phloem of the tiact These 
tissues are encased in a thin hard layei, dark biown in coloui, 
which foims a tubular coat enclosing the whole tiact This 
is the bundle-sheath 

The gieatei pait of the wood, or xylem, is foimed of long 
nanow tubes tapeimg at each end At theii widest they aie 
about 0*05 mm m diameter, and are about 1-5 111m long. These 
tubes aie called iiacheids In tiansveise section they appeal 
polygonal. The walls of these tubes aie formed of wood which 
is a substance cleiived from cellulose, differing from it in its 
physical and chemical properties. It is moie ngid, more perme- 
able to watei and less ductile than cellulose. The walls aie of 
considerable thickness but have thin places upon them called 
pits. The pits of the tracheids of the ferns usually have the 
foim of tiansveise slits which aie quite close togethei, so that 
the thick pentions between them may be compared to the 1 rings 
of a laddei. Hence these tubes aie called scalarifoim tracheids 
The tapeimg ends of the tracheids oveilap each other m the 
xylem coie and wheic they aie in contact with one anothei the 
pits on the adjacent walls correspond, so that at these points the 
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dividing partition between two tmcheids is extiemely thin Among 
these scalaufoim tracheids theie aie one 01 moie stiands of 
tracheids having thin walls suppoited by an internal spnal thicken- 
ing These tubes are nauowei than the scalaufoim tracheids and 
being formed fitst are called piotoxylem The cavities of the 
tracheids contains only watei 01 dilute solutions Theie is no 
protoplasm or granulai contents 



Fig- 34. — Aspuhum fihxanas^ small conducting tract 01 vasculai bundle, 
transverse section, x 250 c i inner walls of cortex foi tiling bundle 
sheath, endodermis, /, pericycle, p, wood-pai enchyma; $, sieve- 
tubes in bast , t , tracheae in wood. 

The phloem, which is the soft layei covering the xylem strand, 
is chiefly composed of sieve-tubes Like the tracheids they too 
aie spindle shaped and polygonal in cioss section. Then walls aie 
veiy thin and are foimcd of cellulose, and wheie two sieve-tubes 
adjoin are maiked out into uregulai aieas — ’the sieve-plates, 
which aie peifo rated by exceedingly flne pores. The tubes aie 
lined with a very thin film of piotoplasm which is continuous with 
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the piotoplasm of adjoining sieve-tubes thiough the perfoiations 
of the sieve-plates The central cavity of the sieve-tubes is tilled 
with a dilute sol of proteins often containing also dissolved sugar. 
Filling up the mtcistices between the tiacheids m the wood and 
the sieve- tubes in the bast aie thin walled polyhedial cells with 
cellulose walls and pi otoplasmic, and often staidly contents Their 
diameteis in different dnections being approximately equal, they 
aie called lespectively the wood and bast-pai enchyma The outer- 


a 
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Fi(t 35 — Asfiidmm fUix-mas , small conducting tract or vascular bundle, 
longitudinal section, x 170 u, liacheae, /;,bast; c, bundle sheath. 

most layei ol the conducting tiact is formed by the enclodeimis It 
is easily recognised by its being next the brown cell-walls of the sheath 
isolating the strand fiom the sunoundmg fundamental tissue The 
t ells of the endodei mis ai e oblong Their gt eatest length is pai allel 
to the axis of the bundle and they fit togethei closely, leaving no 
gaps Between the endodei mis and the outside of the bast is a 
single layei of cells, the pencycle The cells of the peucycle 
xoughly correspond with those of the endodei mis The walls 
of the endodermts and peiicyele are uncolouied 
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The outer layeis of the fundamental tissue ol the stem hu\o 
very thick, hard and biown cell-walls, foimmg a tissue known as 
sclerenchyma. It forms a continuous coating ovei the bases ol 
the matuie leaves and the stem, and is only penetiated by the 
conducting c tiands enteung from the roots 

The loots have a compaiatively simple stiuctme, A single 
conducting tiact luns down the axis of each It is eo\eied by a 



Fig. 3 6.—Asfttdtum fihx-mas, root, transverse section, x 350. b , hast, 
c, cortex, ft, pericycle, ftl , piliferous layer; r, root-hair; s, sheath of 
conducting tract; x , wood (From Evans’ An Intermediate Te.xthaok 
of Botany } 

thick coat of fundamental tissue — the coi lex. In the outei most layer 
of the cortex certain isolated cells grow out at right angles to the 
suiface and develop into root-hairs which grow out among the 
pai tides of the soil and absorb watei and various dissolved sub- 
stances The inner layers of the cortex develop thick and brown 
walls and foim a sclerenchymatous sheath round the conducting 
tract An apical growing cell, like that of Funaiia, adds to the 
root at its tip, It is pyramidal m shape Its apex points towards 
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he base ot attachment ol the loot Ifiom the sides of this cell 
ic foimed flat segments which pioduce the coitex and conducting 
lact Its base foims segments which give origin to an megular 
up-like mass, the outei cells of which have little cohesion and 
imply form a lubi mating substance to facilitate the foiwaid passage 
>f the glowing loot thiough the soil 
The leaves aie essentially oigans foi exposing the photosyn- 



^'ig* 37 t -~AsfiuUum filix-mas } lower epidermis, x 300. a , epidermal cell 
with scattered chloropiasts ; b s guard-cells with crowded chloroplasts ; 
c, stoma. 


hetic cells to the light and an The leaf-stalk and lachis have 
he function of supporting these cells m a suitable position and 
naintaining theii communications with the lest of the plant 
the leaf-stalk is a 1 lgid tube formed of the outei sclercnchymatous 
ayeis of fundamental tissue continuous with that of the stem 
this tube is filled with paienchymatous fundamental tissue con- 
inuous with the soft fundamental tissue of the stem, but differing 
10m it in that its cells contain chlotoplasts, Embedded in this 
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soft gieen fundamental tissue aie the tluead-hke conducting 
tracts given off fiom the meshes of the netwoik in the stem A 
similar anangement of tissues is found in the micl-nbs of the 
pinnae and pinnules In the uppei paits of the nidus the 
scleienchymatous walls are reduced and finally disappear Tin* 
photo-synthetic tissue foims a wing on each side of the mid-nbs, m 
which the ultimate blanches of the conducting tiaets bifurcate 
The gieen tissue of the pinnules is about o 75 mm thick 
Then uppei and undei suiface is formed by a single unilonn layei 
of cells — the uppei and the undei epideimis These cells aie 
flat and their outlines, foimed by then vertical walls, aie sinuous 
or wavy They fit togethei closely and mtei lock like pieces ol a 
jig-saw puzzle. Then walls are thin and in then piotoplasmic 



Fig 38 — Aspidium fihx-mas, leaf, transverse section, x 200 a, cuticle ; 
b, upper epidermis, c , cells of palisade layer ; d i cells of spongy layu , 
e > lower epidermis , /, wood (xylem) , g, bast (phloem) ot conducting 
tract, //, air (intei cellular) spaces. 

lining aie seen many chloioplasts and often a single nucleus 
Their outer hon/ontal wall is wateipioofed by the piesenee ol a 
substance called cutm in the cellulose The outei walls of the 
adjacent cells form a continuous membiane over the whole leaf, 
called its cuticle The cells of the uppei epideimis lit togethei 
without leaving gaps In the undei epideimis, however, minute 4 
slits are found — the stomata They aie about 0 02 mm. in length 
and may open about o 004 mm wide Theie aie about thirty or 
fifty of these slits to the square millimetie. The stomata are limited 
on each side by a guard-cell The guard-cells aie crescentic and 
bend round the stomata. They are much xicher m chloioplasts 
than the other epideimal cells 

Between the upper and lowei epideimis is the nicsophyll- — the 
photosynthetic tissue propei of the leaf. It is composed of five or 
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si\ Liyeis of thin- walled cells ol irregular shapes Neai the upper 
epidermis the mesophyll cells fit more closely together, while in 
the neighbourhood of the lower epidermis they aie veiy loosely put 
togethei and leave between them huge spaces There is no shaip 
division between these two layeis in this leaf as there is in many 
otheis , but notwithstanding this, they may be called the palisade 
and spongy parenchyma respectively The spaces between the 
cells of the spongy paienchyma and the smallei ones between those 
of the palisade layer form a continuous system of megular an- 
passages minifying throughout the mesophyll, and communicating 
with the outei air tlnough the stomata in the lowei epideimis In 
this way the gieatei part of the suiface of each mesophyll cell is 
exposed to the an and is fiee to interchange gases with it The 
thm-walled cells of the mesophyll contain a lining of protoplasm 
canyuig in it very laige numbeis of chloioplasts The cenlial 
space of each cell is occupied by a huge vacuole , and the osmotic 
pressuie of its dissolved substances bearing on the piotoplasmic 
lining distends the cell- walls and keeps the cells stiff 01 turgid 
The conducting tiacts emerging fiom the mid-libs penetiatc 
the mesophyll. They travel 111 the uppei legion of the spongy 
parenchyma about half-way between the upper and lower epideimis 
The stiucLuie of the tiacts is similai to that we have already 
studied m the stem The number of tiacheids and sieve-tubes is 
1 educed and consequently the tiact becomes liner It is through- 
out accompanied by and encased in the endodeimis and bundle 
sheath As it passes out into the mesophyll it is still fuithei re- 
duced — -the reduction being most maiked m the bast on the uppei 
aspect of the tiact Finally the bast on the upper side completely 
disappear so that neai the teimmation the tiact consists of two 
paiallel strands of wood and bast, one above the other, sunounded 
by the peneyele and endodeimis. Neai the maigm of the pinnules 
each of these attenuated tiacts bifuieates 

Outside the endodermis the cells of the mesophyll aie elongated 
and accompany the tract as an ill-defined sheath These cells 
aie poor m chloioplasts and with the conducting tiacts consti- 
tute the veins of the leaf Fitting closely together they cut off the 
stiand fiom the inter cellulai system of the mesophyll 

Enough of the structure of Aspidium has already been de- 
scribed to show that this fern is a veiy complicated and highly 
developed organism Its oigans aie highly specialised to peifoim 
various functions and these functions aie broadly conditioned by 
the fact that it is a halophyte which lives upon land The 
materials needed for growth aie obtained partly by the loot-hans, 
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water, nitrates and othei mineral substances fiom the soil, and 
partly by the mesophyll, carbon dioxide from the an The wide 
separation of these parts necessitates a very peifect system of trans- 
port This is piovided m the conducting tiacts 01 vasculai 
bundles. The motive foice to effect this tianspoit is the heat 
energy absoibed by the leaf-cells Eneigy absoibed by the meso- 
phyll cells, either 111 the foim of light 01 heat, causes evaponition 
from their suifaces into the an -spaces of the leaf This loss tends 
to dimmish the bulk of the watery contents of the vacuoles of the 
cells But the osmotic pressure of the dissolved substances in the 
vacuoles opposes the collapse of the piotoplasm and pi esses n 
outwards, so water has to be drawn into the vacuole. A supply 
for this is at hand in the cells of the sheath which in turn draw 
water from the woody tracheids These lattei afford an easy 
passage for watei rising from the roots though the stem and leaves. 
Thus the evaporation fiom the mesophyll cells diaws the watei 
up through the capillary tubes of the wood of the conducting 
tiacts from the root, wheie the supply is kept up by the absorp- 
tion of the root-hans 

Evidently in a low-giowing plant like the fein if evaporation ic- 
moves watei fiom the uppei end of the tiacheidal tubes the atmos- 
pheric pressme acting on the watei suifaces round the loot-hairs 
would force up water to take the place of that which is lost by 
evaporation But in plants much higher than 30 feel, which 
is neai the limit to which atmospheric pressuie can raise watei, 
evidently such a mechanism must bieak down As a matter oJ 
fact even low-growing plants need not lely on atmospheric piessuie 
for the lifting of the water in then tiacheidal tubes. For water, when 
contained m vessels which it thoioughly wets (as m the tracheids) 
and completely fills, leaving no bubbles, transmits a pull just m 
the same way as a metal wire would Thus the removal of watei 
from the mesophyll cells by evapoiation produces a puli in the 
watei of the vacuoles , this is transmitted to, and down through, 
the water contained in the tiacheidal tubes throughout the con- 
ducting tracts of the plant The mesophyll cells are pre- 
vented from collapsing under this stress by the osmotic pressure 
of the dissolved substances m theii vacuoles, while the ladder-hke 
and spiral thickenings of tracheids support their thin walls and 
pievent them buckling inwards. Evidently the pits are essential 
m oider that the flow of water may be facilitated fiom one 
tracheid to anothei. 

The elimination of water vapour from the mesophyll cells 
t rrough the passages and stomata is called transpiration and the 
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current which it pioduces m the tracheids is called the transpira- 
tion-cuncnt It is evidently of gieat importance in bringing a 
supply ol water and dissolved mineial substances to the mesophyll 
cells The watei thus supplied enables these cells, containing 
chloroplasts, sunounded with air and exposed to light, to manu- 
facture carbohydiates In the dissolved substances earned by 
the tianspuation-current these cells also find the remaining ele- 
ments needed foi the building of piotoplasm, and it is highly 
probable that the mesophyll cells aie the laboi atones m which not 
only caibohydiates but also pioteids and piotoplasm are synthe- 
sised 

Aftei the leaf has attained its definite size, the indefinite re- 
tention and accumulation of these substances m it would serve no 
purpose They aie requaed, howevei, at the growing legions of 
the stem and loot wheie new cells aie being formed and tissues 
differentiated The transpoit of these materials to the growing 
legions is usually assigned to the bast, 01 phloem, of the con- 
ducting tracts and moie paiticularly to the sieve-tubes The 
mechanism of their tiansport is, however, unknown Then presence 
m the sieve-tubes may be detected , and by bieakmg the conti- 
nuity of the bast, giowth at the tips is suspended, but further than 
tips little is known of the piocess 

The solution absorbed fiom the soil is very dilute and to obtain 
sufficient quantities of the necessaiy materials transpiration and 
evaporation are evidently of importance These processes have 
also anothei essential idle For the purpose of photosynthesis 
leaves must be displayed to the light and are often unavoidably 
exposed to dnect sunlight The light absorbed being largely 
con veiled into heat would lead to a rise of temperature beyond 
the limits of icsistance of the cells, weie it not that evapoiation 
cools the leaf This function may be readily appreciated by 
exposing side by side m the sun a living leaf with a piece of dxy 
but equally light-absoibmg matcnal — 01 a dead diy leaf The 
living leaf will lemain cool to the touch while the others become hot 

When the leaves of the fern aie exposed to light, the process of 
ohoUMi^w^c; liberates oxygen among the gieen cells of the 
* > ; t of this oxygen is used m respiration by those cells. 

In darkness when oxygen is not pioduced within the green tissues 
and always m the colouiless tissues of the stem and root, oxygen 
must be conveyed to the cells Foi it is easy to show that 
Aspidium cannot continue to respire anaerobically without injury. 
This supply of oxygen finds its way to the cells throughout the 
plant by means ol the air-passages and intei cellular spaces m the 
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tissues The cells which aie not m direct contact with these 
passages or with the outer air, must obtain then oxygen supply in 
solution from adjacent cells The sluggish life of the plant which 
is piacticall} without movement, and does so very little external 
work, explains how it is that gaseous and liquid diffusion thiough 
these channels is sufficient to keep up the requisite supply 

Life on the land necessitates mechanical piopeities diffeient 
from those which are suitable to aquatic organisms These pio- 
perties are chiefly associated with the supporting or skeletal 
tissues In water, buoyancy associated with a certain amount of 
tenacity is sufficient to attain the exposure of the photosynthetic 
organs to light, and to secure them against injury Sub-aerial 
plants must support their leaves on rigid structures to display them 
to the light, but they must yield m wind and recover their position 
when favourable conditions return The requisite rigidity is ob- 
tained by a suitable disposition of sclerenchyma and the elastic 
recovery is usually provided for by a combination of parenchyma 
with sclerenchyma or by means of parenchyma alone Thus the 
bases of the leaf-stalks which must always stand erect are con- 
structed out of a thick- walled tube of sclerenchyma foiming 
their superficial tissue The cells of this scleienchyma have thick 
hard walls and they are not easily stretched or compiessed so that 
the lower part of the stalk is very rigid To displace it at all one 
side must elongate and the other contract If, however, any dis- 
tortion is produced, evidently this tube must be flattened and its 
volume correspondingly reduced Such a i eduction is not only 
resisted by the walls of the tube but is opposed also by the cells 
of the fundamental tissue within it Any pressure on them tends 
to stietch their walls, for their vacuoles are practically incom- 
pressible, and hence a tension on every cell-wall throughout the 
tissue acts to restore the original position of the leaf-stalk In 
the upper parts of the rachis wffiere there is less scleienchyma and 
more thin walled tissue, the rigidity of the oigan diminishes 
but its flexibility increases Here the flexure of the lachis is 
chiefly resisted bv the walls of the parenchyma The bending 
produces a pressure on the cells which distorts them more and 
more from the spherical form Owing to the mcompiessibihty of 
the vacuole their volume must remain the same, theiefoie their 
wall is stretched When the bending force is removed the 
pressure disappears and the elasticity of the cellulose walls restores 
the cells to their more spherical original shape In this region 
the sclerenchyma — or mechanical tissue as it is called — is not 
continuous round the rachis and consequently only acts like 
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isolated bands, those on the convex side alone taking up the 
tension Those on the concave side being veiy slender aie only 
to a veiy small degiee mechanically efficient 

The pinnas and pinnules puutically owe then entile mechanical 
suppoit to the osmotic piessuie ol the substances in then vacuoles 
acting as a compiession membei and to the tenacity of their cell- 
walls and to those of the conducting stiands acting as a tension 
membei The destiuction of one of these membcis, as m an 
engineers girdei, leads to the collapse of the stiucturc This may 
be seen by deslioymg the semi-permeability of the protoplasmic 
membianes in the cells and thus lendeung the osmotic pressuie 
ineffective The easiest way of doing this is to kill the piotoplasm 
of the leaf eithci by sunounding it with steam or a poisonous 
vapoui The pumas immediately hang down m a flabby condition 
These considerations show that the usual companson ol the veins 
of the leaf to the ribs of an umbiella and of the soft tissue to the 
silk cs mechanically unsound The cell-walls ol the veins and 
soft tissue being the tension membeis ol the system aie 111 leahty 
mechanically equivalent to the silk of the umbiella, while the 
osmotic pressuie of the vacuoles acting on the piotoplasnnc lining 
of the mesophyll cells is the compression membei and coiresponds 
to the ribs of the umbiella. 

PRACTICAL WORK. 

Dig lip a plant ol Aspidium, shake it free from the adhering earth, and 
sketch it about one-fifth natural si/e, showing the large leaves, the incurved 
young leaves and the rough remains ol the old leaves covering the stem 
Show some ol the roots and their attachment and the tapering oldest part of 
the stem 

Pull off one or two ol the older leaf-bases and note that each carries with 
it two or three dark biown roots which emerge from the very base of the 
leaves Also notice that the conducting tracts usually break across at some 
little distance up m the leal-stalk and when the leal is removed remain attached 
to the stem 1 hey appear as short threads hanging out of the lractured suiface. 
Cut oil the leaves and leaf bases as close as possible to the stem Sketch 
one side ol the stem showing the cut surfaces ol the leafstalks, each showing 
five or six conducting tracts cut across as they pass into the stem The 
bases ol the leaves are separated from one another by very dark biown grooves 
These grooves are lined by the superficial scleienchyma of the stem and this 
is the only ' - 1 J 'he btem exposed 

Cut the down its median axis with a stiong sharp 

kmle Put one hall to steep m 10 pei cent nitnc acid. Smooth the cut 
surface of the othei half with a iazoi. Sketch this smlace about hall its 
actual si/e Note the flattened apex, the incurving young leaves and leat 
bases of the older ones. Show the dark brown sclerenchyma forming a 
tubular casing for the leal bases and the whitish fundamental tissue ol the 
stem and leal-stalks Mark the laige portions ol the conducting tracts 
exposed m the stem and the finer tiacts given oil liom these and passing 
outwaids and upwards into the lundamental tissue ol the leaf stalks. 
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Take the half of the stem which has been soaking in the dilute nitric acid, 
wash it and with the head of a large pm carefully scrape away the axial column 
of fundamental tissue and expose the net- work of large conducting.tracts from 
the inside. These will appear pink, while the fundamental tissue is coloured 
deep orange by the acid Where the section runs longitudinally in a leaf- 
base the tracts passing down it may be displayed by scraping away the 
fundamental tissue and even their connection with the sides of the mesh 
corresponding with the leaf-base may be ascertained. A sketch should be 
made of the net-work of conducting tracts and of its branches 

Cut a transverse section of a leaf-stalk Mount in watei and cover If 
permanent preparations are desired the sections, from fresh material, should 
be soaked for some minutes in spirit, and then washed in water If material 
preserved m spirit is used the sections may be placed in water immediately , 
select out the thinnest of the sections — and they must be very thin — and place 
them m a staining glass containing a mixture of wateiy saffranme and 
Delafield’s haematoxyhn When they are sufficiently deeply stained, i.e. m 
ten minutes to half an hour, wash m water and pass through two changes of 
spirit to anhydrous spirit which must be closely covered Anhydrous spirit 
may be prepared by putting roasted copper sulphate into ordinary spirit 
The anhydrous copper sulphate dehydrates the spirit in contact with it. The 
volume of the roasted copper sulphate should be at least about quarter that of 
the spirit treated. In this way most samples of commercial spirit may be 
rendered sufficiently anhydrous Of course the spirit, during treatment and 
till use, should be kept in a 1 ' 1 bottle. From the anhydrous 

spirit the sections should be of cloves In this at first it is 

necessary to keep the sections forcibly submerged Otherwise they come to 
the surface and absorb water from the atmosphere When the sections have 
become quite clear the surplus oil should be removed from them by touching 
them with absorbent paper They may then be placed in a drop of Canada 
balsam on a slide and covered. 

The general outline of the leaf stalk is convex on the lower side and flat 
or even slightly concave on the other. The greater part of the section is 
composed of fundamental tissue The outer layers are thick walled and 
sclerenchymatous, and form the sclerenchymatous tubular casing of the leaf- 
stalk In the unstained section these walls are colourless , they take a red 
colour from the staining mixture. The walls of the inner fundamental tissue 
are much thinner. Their outline is circular in the transverse section. They 
take a purple colour from the stain Embedded m the thin- walled fundamental 
tissue are the cross sections of several conducting tracts They are circular 
or oval m outline The wood-tracheids have thick walls which stain red, the 
bast walls are thm and stain purple, while the bundle-sheath has walls which 
are orange-brown m colour A drawing of one conducting tract should be 
made under the high power. 

Next prepare a transverse section of a pinnule This may be most easily 
done by rolling several pinnules m a tight cylinder m order to give mutual 
support. Sections of this cylinder may now be cut with a razor and 
floated out In water. A large number should be prepared and the thinnest 
selected mounted m boiled water and covered for examination. When a 
suitably thin section is found it should be sketched and the drawing should 
show the upper epidermis, the palisade and spongy parenchyma and the lower 
epidermis Also the position of the conducting tracts should be marked 

Portions of the upper and lower epidermis should be sliced off other pm- 
nulesand mounted These will show the peculiarly shaped epidermal cells 
and the stomata. Estimate the size of the stomatal openings with the 
Lrhost-microm eter 
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So fai wc have consideied the outstanding external featuics and 
the most important points in the gioss and minute anatomy of 
Aspidium, and wc have seen in a geneial way how the constiuction 
and the arrangement of its parts meet the lequuements of the 
plant foi nutation, icspuation, and 
growth It now remains to examine 
the outlines of its life-histoiy and its 
methods of icpioduction. 

Dui mg the summei leaves aie un- 
folded which, while they lesemble in 
shape and stmcture the foliage-leaves 
foimed eaily m the yeai, piesent this 
difference that the uppei pin me aie 
studded over on the under suiface 
with numbeis ol iound, brown patches, 
about a couple of millimeties m dia- 
meter Examined with a lens each 
patch is seen to be composed of a 
heap of lounded bodies Each heap 
is called a scats Theie aie some five 
or six son on each pinnule The sorus 
is coveied over by a membranous scale, 
the indiismm, which is cuculai m 
outline with a deep indentation on one 
side The indusium is held in posi- 
tion by a shoit stalk or column at- 
tached to tire mulct suiface of the leaf 
and using up from the midst ol the 
soius The bodies loaning the soius 
aie sporangia Each has the foim of 
a biconvex lens and it is attached 

to the leaf by a slender stalk, 'The diametei of a spoiangium is 
about o*2 mm , and the length ol its stalk is somewhat moie than 
its diameter The son aie found on the suiface of the leaf im- 
mediately below a conducting tract Here the tissue of the leaf 

161 1 1 



Fig 3Q — Asfidmm fihx-mas t 
pinna ot leaf sorus 
(From Evans 1 An Inter- 
mediate Textbook of Bot- 
any,) 
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foims a little loundod cushion, the placenta, and to tins the stalks 
of the sporangia and of the mdusium aie fixed The stiuctuie 
of the spoiangia is peculiar and most intei esting, as icvealing a 
beautiful natural mechanism foi the distnbution oi the spoies 
Each spoiangium is attached by its edge to its stalk A single 
iow of cells foims a ndge lound Us edge This low is < (imposed 
of two unequal paits The longci pait, the annulus, whuh 
occupies Lhiee-quaiteis ot the cucumfeience stalling ftom the at- 
tachment of the stalk, is composed of about fi Iteen smnlai cells 
Each is appioximately cubic in foim Its innei wall and those 



Fict, 40. — Asftidtum filix-mcis, sorus on leaf, transverse section, a 45, 
a> annulus , d , mdusium ; /, stomium or hp-cells. (After Kny ) 

sepaiating it fiom its neighbours m the iow aie much thickened 
and are biown m colour The mateiial of these w<ills is very ngid 
and elastic and foims a U-shaped band partly enclosing each cell, 
while that of the lemaimng outer and side walls is soft and pliant 
like puie cellulose The cells of the annulus soon lose then proto- 
plasmic contents but icmain filled with water The lemamdei of 
the maigmal row, the stomium, is composed of umfoimly thm- 
wallecl cells, more flattened m form than those of the* annulus. 
Their thin walls aie easily torn asunclei The convex sides of the 
sporangium are formed of a single layei of flat cells, also with thin 
walls. The cavity enclosed by the annulus and sides is filled with 
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foil) -eight small hi own spoies T n then early stages they adhete 
togethei in foms, showing that they have been developed as 
tetrads m sepaiate mothei -cells As the spoies and the spoiangium 
lipen, the watei filling the cavity of the cells of the annulus 
diminishes 111 volume by evaporation thiough the outei thin walls 
The cohesion of the watei and its adhesion to the walls diaws 
the walls togethei The thin outei and side walls collapse undei 
this tension and me thiown into folds, while the U-shaped ladial 
and innei walls, resisting the pull moie effectively owing to then 
ligidity, aie bent into a C-shape This alteiation of fotm of the 
component (ells leads to a shoitemng of the outei maigin of the 
annulus and changes it hom being convex to being concave ex- 
ternally 

This distoition of the annulus tears the cells of the stomium 
asundei and makes a rent m the sporangium which spicads 
ladially mwaids acioss the wall Thus the lowei half of the 
spoiangium as it hangs fiom the under side of the leaf with the 
spoies lying m it, is bent backwards by the contiaction of the an- 
nulus, the ngid walls of each cell of the lattei being compiessed 
like a C-shaped spung by the tension m the watei As evaporation 
pioceeds the tension mounts highei and highei till at last the cohe- 
sion of the water is oveicome and the watei bicaks The tension 
thus lelieved releases the spang, which immediately lecoveis its 
ougmal U-shaped foim, and in doing so jerks out the spoies m the 
sling-like portion ol the spoiangium attached to the annulus The 
tension at which the bicak occuis has been found to be about three 
bundled atmospheres. If the break does not occur simultaneously 
m all the cells of the annulus, thebieakmg of the watei successively 
in different cells communicates a seiies of jerks to the sling, and the 
spores fiom each spoiangium aie ejected m small numbers at a 
time The efficiency of this mechanism for distributing the spoies 
at diffeient intervals and 111 diffeient directions will be realised 
when it is lemembeied that in the son ripen 

successively and that they are directions lound the 

placenta. 

The spoies when ejected aie tetiahedial in foim with a brown 
cuticulansed outei layer to then cell-wall They contain a nucle- 
ated mass of piotoplasm, including many chloioplasts Once on 
damp soil they absorb watei and become spherical The mnei 
layei of wall is forced out and breaks thiough the cuticulansed 
layer, thus forming a tubular outgrowth into which the cell-contents 
pass The chloroplasts elongate, divide, and multiply. The 
tubular cell divides and a filament is formed Sooner 01 later 
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colourless outgiowths are foimed fiom some of the cells of the 
filament These outgiowths possess no chloioplasts and they m- 
seit themselves between the pai tides of soil They aie ihuoids 
The celts of the filament enlarge and divide The divisions in 
the cells of the filament, which weie at fust only tiansveise, are 
now often longitudinal and so the filament is giadually (oiw cited 
into a plate of cells, and at the same time cell division becomes 
moxe and moie limited to a single cell on the maigm and to Us 
immediate segments This cell occupies a depiession in the 
maigin and the giowth of its segments confeis slowly a roughly- 
tuangular foim on the plant The apex being occupied by the 

spoie and the onginal filament, the 
gi owing cells aie located in an in- 
dentation m its base Fiom the 
under suiface of this tuangular plate 
ihuoids aie formed The plate, often 
called the piothallus, is a very delicate 
stiucture not often exceeding a squaie 
centimetie in aiea It has a transluc- 
ent green coloui It 1 cumins a single 
layer of cells thick except immediately 
behind the gi owing legion wheie it 
becomes seveial layers thick, and a 
cushion-like stiucture is foimed. 



Fig. 41 — Asfiidmm filix-mas y 
under-side of gametophyte, 
x 6, showing rhizoids 
Archegoma are indicated 
on the cushion just below 
the growing point, and 
anthendia are seen scattered 
among the rhizoids. 


About the same time as the estab- 
lishment of this cushion sexual organs 
begin to be developed The anthe- 
ndia are formed fin st and anse princi- 
pally on the oldci nanow parts of the 
prothallus and on the under side of 
the cushion The formation of sexual 


organs on the prothallus, which has itself developed from a spoie, 
shows cleaily that we must regard the piothallus as a gametophyte. 
The anthendia are almost globulai m foim and aie attached 
without a stalk directly to the gametophyte They are composed 
of a central mass of about forty-eight minute cells enclosed m a 
lounded cavity formed by two ring-shaped cells lying one on the 
other, and one plano-convex cell acting as a lid. The nucleus 
of each of the small inner cells elongates and assumes a spnal 
loim and the cytoplasm clothes it with an exceedingly fine cover- 
ing of protoplasm which at one end is produced into a tuft of 
cilia The absorption of water causes the two ring-shaped cells 
of the antheridmm to swell up unevenly and to distoit the en- 
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closed cavity to a stellate foim The 1 eduction of the volume of 
tlie cavity so p induce cl causes the mnei mass of cells to bmst 
thiough the lid and ejects them from the anthendium The 
delicate walls of these lattei quickly dissolve, and then contents 
escape as spiral, ciliated, fiee-swimmmg masses of piotoplasm 
They aie the spenn-cells 

The archegonia aie foimed exclusively on the cushion, close 
behind the glowing legion of the gametophyte They aie flask- 
shaped but much smallei and shoiter than those of Maichantia 
and of Kunana 'Their body, or ventei, is wholly embedded m 
the cushion while the shod cmved neck projects fiom its undei 
sui lace and is duected obliquely backwards away fiom the glow- 
ing legion of the gametophyte When the aichegomum is loaned 
the cells composing the wall ol its basal pait enclosing the ovum 

% 


Fig. 43. — -Atfiihumfilix-min , on left, anthendium discharging &peim>cells , 
on right, an aichegomum ready foi fertilisation, x 250. 

do not diffei from the sunounding ceils of the cushion, and the 
ovum appeals as a spheucal cell embedded among the superficial 
thm-walled pai enchymatous cells of the cushion It is dis- 
tinguished fiom its neighbours by its distinct nucleus, by its opaque 
and finely gumulai piotoplasm and by its poveity m chloioplasts, 
The neck, which is composed of five lows of cells, piojects fiom 
the surface immediately ovei the ovum The axial coie veitically 
ovei the ovum is composed of a single prismatic cell, the neck- 
eanal-ecll The foui rows sunounding the neck-canal-cell each 
consists ol about five cells. The piepaiation of the ovum is 
completed by the formation at its distal pole of a small lenticulai 
cell, the vential canal-cell. Contact with watei will now cause the 
neek-eanal-cell to swell up and bmst open the distal end of the 
neck, and the disintegration and solution of the neck-canal-cell 
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Notwithstanding the much moie complex stiuciuie of the spoio- 
phyte of Aspidium and the great diffeiences between the lonns ot 
the gametophytes of the ferns, the mosses and the liveiwods, the 
life-histones of these aie evidently smnlai and the stun line ol then 
sexual organs lesemble each other in many respects These broad 
resemblances have led botanists, m the first instance merely lor tire 
sake of convenience, to classify these tluee soils ol plants together 
under the name of Aichegomates, all being ehaiactensed by the 
possession of a multicellulai aichegomum which contains the ovum 
These same characteristics distinguish them horn the more sunph- 
constiucted Algae and Fungi which, almost without exception, 
have then ovum retained m an oogonium of unicellular construction 
In conti adistinction to the Aichegomates the Algte and Fungi are 
descnbed as Thallopbytes, a name suggested by the (ait that then 
plant body is nevei differentiated into stem, root and leaves. 

When we compaie the diffeient kinds of plants included m a 
great gioup like Aichegomates, m addition to the bioiul resem- 
blances just noticed, a coirespondence of the pails m these 
different plants is forced upon us For example, the conespond- 
ence of the gametophyte of Marchantia, ansing hom a spore and 
culminating in the production of sexual cells, with that ol Asjmlium 
is evident, and the coirespondence of the sporophyte of (dinar ta 
with that of Maichantia is equally cleai Again, the theca of 
Funana conesponds with the capsule of Maiehantu and the 
archegonmm of Aspidium conesponds with the aichegomum 
of Funana Such parts of diffeient plants which eonespond 
to one another m their origin, m then relation to the other 
parts of the plants consideied and in then position in the hie- 
history, are teimed homologues, and such pads aie said to Ik* 
homologous to one another Homologous parts may, and olten 
do, discharge the same function, but this is by no means always 
the case, thus the sporophyte of Maichantia does not cany on 
photosynthesis, while that of Funana does to a slight extent, and 
the spoiophyte of Aspidium is very efficient m this respect 
This diffeience m function does not, however, pi event these tluee 
pads fiom being homologous. Again, similauty ol function does 
not necessanly indicate homology This will be readily undei- 
stood from the companson of the leaves of the moss, Funana, with 
those of Aspidium They both exeicise the function of photo- 
synthesis , but their positions in the hfe-histoiy are wholly diflment 
The leaves of Funana aie oigans of the gametophyte while those 
of Aspidium belong to the sporophyte They are therefore not 
homologous Such parts peiforming the same function are said to 
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be analogous Thu^ homology is a iclational similaiily while 
analogy is a similarity of function of parts 

PRACTICAL WORK 

Sketch the under surface of a fertile, or spoiangium-bearing, pinnule of a 
spoiophyll Observe the lndusuim and sporangia 

Make a tiansverse section passing through the soius Sketch, showing 
the placenta, mdusium and sporangia 

Sciape off some sporangia approaching matui lty into boiled water (to re- 
move the adheung air bubbles) and mount in water Sketch showing the 
stalk, annulus, stonnum and spoies of the sporangia 

Sciape off some spoiangia from a ripening soius on to a dry glass slide 
Obseive with the low power Notice the bending backwaids of the annulus 
and the consequent tearing open of the spoiangium Observe the sharp jerks 
oi the recurved annulus 

Gametophytes foi examination may be obtained by sowing the spoies shed 
from the leaves on sterilised peat mould. The peat mould is placed in a 
flower saucer, and moss spoies, etc , which it might contain aie killed by 
pouring boiling water over it The eaithenware saucer is covered with a 
glass plate and is placed standing m a shallow glazed saucer containing 
water A good ciop of gametophytes may be expected in a month or so 
Take a gametophyte and place it upside down upon a glass slide 
Gently remove the adherent pai tides of peat Add a drop of water and 
cover. Obseive the colourless lhizoids ancl the green cells Examine one 
of the Utter with the high powei Note the numerous chloroplasts and the 
various stages m their division. Look for anthendia and archegoma The 
foimer may be lecogmsed by their cncular outline and stellate cavity Care- 
ful focussing will leveal the two ung-shaped cells Often a mass of sperm- 
mother-cells may he seen in the anthendium and the beginning of the motion 
of the sperms may be detected within them 

The aichegoma are less easily lecogmsed, chiefly because they aie sunk in 
the thicker pait of the — *• * T:r rom the surface aspect of the pre- 
paration only two of the t of cells forming the neck are at once 

visible. A daik blown streak between them indicates the neck-canal leading 
down to the ovum. Focussing down along this bungs the cavity of the 
ventei and the ovum into view, 

1 - Reconstruct the shape of an archegomum from a series of optical sections 
taken in the neck and the venter. 

Sketch an older gametophyte with young sporophyte attached. 
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The homology ol parts and the conespondenee of stages in tin 
hfe-histones of two diveigcnt oiganisms aie often bought to light 
01 made moie appaient by compauson with a thud oigamsm whuh 
is inlei mediate between the two These intei mediate oiganisnw 
aie often spoken of as links 01 synthetic lonns 

It is owing to its charactei as such a connecting-link between 
the Ferns on the one hand and the Seed Plants on the othei that 
the study of the stiuctuie and hle-lnstoiy ot Selaginclla is ol pai- 
ticulai mteiest 

Theie aie laige numbeis of diffeient kinds of Selagmella Only 





Fig 44 — Selagmella marteusn a, lateral leaves , b, dousal leaves ; r, cones. 


one of them is native to the JButish Isles As it is raie and diffi- 
cult to obtain, oui study will be carried out on a ti epical species, 
Selagmella martenm , which is usually giown m green-houses 
m this country 

This Selagmella is a low-giowing, delicate and moss-hke plant 
Its white tianslucent stems lie piostrate on the soil, branching only 
m one plane — that pauillel to the smfaee of the soil. 'The ends ol 
the blanches are closely coveied with gieen leaves The leaves 
aie oval in outline, but pointed Their edges ai e seuatecl A mul- 
11b unis hom the tip to the base of each. They aie attached directly 
to the stem, having no stalk They aie distinctly of two sizes and 
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die ai hinged m loui lows down the stem Two lows oi small 
leaves ate along the uppu 01 doisal aspect ol the stem and theie 
ate two tows of huger leaves, one along each side It may also be 
seen, especially in the oldei paits of the stem wheie the leaves aie 
moie widely spaced, that the leaves 0ca.1t in pairs on the stem — a 
laige lateial leaf and a small doisal leaf on the othet side being 
exactly opposite and toimmg a pan The leaves of adjacent pans 
aie on alternate lows Closer examination with a lens shows a 
minute shell-hke stale on then uppei sin faces vciy neai the bast 1 



Inc 45 —Stlaginclla, leaf, Uansverse sections, x 300 co , uppei, at, undei 
epideimis, /, au spaces, s stomata (From Evans’ An Intermediate 
Ti it book of Botany Aftei Goebel ) 

Tins mconspit uous oigan is called a ligule It is to all appeal an ee 
iunctionless It is rarely loinid on the leaves of living plants, but is 
of intei est inasmuch as it duiacteiises the leaves oi nnpoitant gioups 
of fossil plants In Selaginella it may be legal ded as an hen loom, 
pioving tile antiquity of its descent, At the hifui cations of the stem 
sometimes a still why oigan is found dheeled fiom the undei sm« 
la< e ol the stem towaids the soil ft is a ihi/ophoie. Fiom its 
slightly bulbous end tlneaddike loots grow and penetrate into the 
soil In some specimens the ends oi some of the blanches tend to 
turn upwaids and assume a veiUeal position The leaves on these 
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veitical blanches oi cones, aie all similai in size and aie distri- 
buted umfoimly lound the stem In the angles between the 
leaves and the stem aie seen minute whitish globular bodies which 
are sporangia. 

In stiucture the small leaves resemble those of a fein rathei 
than those of a moss, with which we might at fust be inclined to 
compaie them They have a thick mid-iib, and on eilhei side of 
it the gieen tissue is seveial layeis of cells thick and, as m the 
fern, the mesophyll towaids the undei suilace is moie loose and 



Fig 46 — Selagmella , stem, transverse section, x 150, showing three con- 
ducting tracts, each suspended m a tubular space The axis of each 
tract is occupied by a strand of wood Outside this is the bast (From 
Evans’ An Intermediate Textbook of Botany After Sachs ) 

spongy than that above it It is coveied ovei on both sides by an 
epidermis and this sheath of cells is perloiated on its undei side 
by stomata The oulei walls of the epidermis are covered with 
cuticle, the lemaming walls of the epidermis and of the mesophyll 
aie thin In each cell of these tissues theie aie one or two huge 
chloioplasts, a state of things very unlike the othei ferns and 
stiangely reminiscent of the Algae 

The structure of the stem is pecuhai. It is a shaft ol funda- 
mental tissue travel sed lengthwise by a tubulai passage and 
coveied ovei by the epideirms. Running down the tube is a 
vascular tiact slung in its axis by elongated cells which aie con- 
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netted with the mnei sm face of the tube and take then ongin 
from the outside of the conducting tiact The conducting tiact 
resembles one taken from Aspidium It consists of a strap 
of wood oval m cioss section encased in a sleeve of bast The 
gieatei pait of the strap of wood is made up of scalanfoim 
tiaeheids, one or both of its edges aie occupied by a thiead of 
spnal and annulai traclieids These foim the protoxylem, and 
if we examine a conducting tiact neai to the gi owing end of a 
bianch we will find that the piotoxylem thieads aie differ- 
entiated before the lest of the wood which develops subsequently 
towards the axis of the tiact. A tiact developing in this 
mannei, the piotoxylem being at the outside, is called exaich 
These exaich conducting tiacts aie not uncommon among the 
Feins but arc seldom found m the stem among the Seed Plants 
The bast contains sieve-tubes like those of Aspidium The 
elongated cells suspending the conducting tiact in the tube foimed 
by the coitex conespond to the endodeimis of Aspidium 

I 'he structuie of the lhi/ophoies and roots resemble m a geneial 
way that of the stem, except that the coitex fits closely on the 
conducting tiact, and there is little 01 no tiace of the cavity sui- 
jounding the tiact Fuithei, theie is but one thread of protoxylem 
in the wood and it is lateially placed In addition to these 
diffeiemes the loot cames a loot-cap of loose cells coveung Us 
giowing apex The glowing region of the lhizophoie is naked 
while that of the stem is coveted ovei by the young leaves 

The leaves of the cones have a structuie similar to those on the 
piostrate steins, but in the angle foimed between them and the 
axis of the cone there is a single globulai spoiangium, attached to 
the angle by a short stalk. When the spoiangia are matuie it is 
seen that they aie of two kinds the smallei are smooth and egg- 
shaped , they are called microspoiangia, while the laiger, which 
aie trilobed, aie called megaspoiangia Each land bieaks open 
along a line of weakness running on the spoiangium at right angles 
to the dneclton of the mid-iib ol the subtending leaf, 01 spoiophyll, 
splitting the spoiangium in hall. JFiom the miciospoiangia laige 
numbers of microspores are shed, while from the megaspoiangia 
four megaspores come Both the miciospoies and megaspoies 
show from their shape that they have been formed in tetrads m a 
common mothei-cell, being tetiaheduil m foim and having thiee 
flat converging sides and one lounded or spheucal side. As a 
matter of fact the early stages m the development of the two lands 
of sporangia aie identical Each originates as a stalked globulai 
mass of spoiogenous cells coveied over with two, layers of cells 
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which become the wall of the capsule Tlu ttnlial globulai mass 
now foims a layei of cells lying against the inside of the wall 
This layei is called the tapetum inasmuch as by the pioducts oi 
its deliquescence the spoies aie nounshed In the mu lospoiangium 
each of the spoiogenous cells becomes tounded and by two suc- 
cessive divisions gives Wise to foui spoies f i'he irniams of tin* 
mother-cells and of the tapetum aie jibed up mi the development 



KiCr 47 — SclagineUa , base of cone, longitudinal section, x Nu a, mtuo 
sporangium , /;, megasporangium , c, spoiophyll , d, axis of cone , e, 
ligule , /, wall ot sporangium ; g, miciospoies, //, mcgaspoics (Aitu 
Chamberlain ) 

of these spoies and m the formation of then thick and wady coat 
The development of the megasporangia is quite similai to that of 
the miciospoiangu except that only one molhei-eell divides and 
gives use to spoies, while the otheis and the tapetum au absoibed 
by the giowth of these font which attain a much gieatei si/e than 
the microspores , the microspoies being about o 025 mm and the 
megaspoies about 055 mm in dumetei 

The germination of the spoies may begin befoie they me shed 
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fiom the spotting 111m, but it is usually continued on the moist 
soil The nnciospore begins by its division into two veiy un- 
equally sized cells, the laigcr one practically occupying the whole 
spoie while the smaller one is veiy minute 'This lattei one 
undergoes no iuithei development and is the only somatic 01 vege- 
tative cell of this 1 educed gametophyte The laige cell segments 
and pioduces a layei ( omposed of eight cells lying against the inside 
of the spoie coat and a mass of lounded cells occupying the spate 
simounded by the eight Within each of the cells forming the 
cential mass a sperm develops 111 a manner resembling the de- 



JhG. 4S — Selatri.uUa , germination of microspores. A, section of microspoie 
showing spum-mothu -cells smroimded by the cells of the antheiidium 
The blackened cell below on the right is the somatic cell of the gameto- 
phyte B, bursting oi the spore-coat and liberation of the sperms. A 
and B, x about 1250 , C, more highly magnified (Aftei Lyon.) 


velopmenl of the spot ms of the Feins and Mosses, but the sperm 
of Selaginella is club-shaped with a coikscrew bend in it, and it 
possesses two cilia only, resembling m this lespect the sperms of 
the Mosses and not those of the Feins When the spcims aie 
appi caching maturity the cells fomnng the enclosing capsule and 
the remnants ol the sperm-mother -cells disintegrate and become 
mucilaginous. By laige absorption of watei they swell up, buist 
the spoi e-coat, and set liee the sperms. 

Meantime the geimmahon of the mega spoi es is taking place. 
The original single nucleus of the spoie divides repeatedly and its 
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segments aggiegate in the piotoplasm immediately within the 
three converging flattened sides of the spoie Cell-walls aie termed 
dividing this piotoplasmic mass into cells each containing a 
nucleus, and thus a tissue is formed at the apex of the spoie Latei 
on, by fuither nuclear divisions followed by the foimation of cell- 
walls, the whole body of the spore is tilled with tissue The giowth 
of this gametophyte buists open the apex of the spoie and exposes 
the first foimed tissue within the spoie In this tissue the auhe- 
gonia are foimed The fust to anse aie centially placed on 
this exposed tissue If they fail to be feitihsed otheis fuithei fiom 
the centie aie formed The aichegoma aie almost completely 
sunk m the tissue They consist of a neck composed of two tieis 
of foui cells each, a canal-cell, a vential canal-cell and an ovum. 
The disintegration of the canal-cells opens the way to the ovum 
and the sperms usually utilising the moistme of the soil on which 
the microspoies and megaspores have been shed cntei the neck and 
fertilise the ovum 

The oospeim divides tiansveisely (1 e at light angles to the 
axis of the archegomum) and foims a shoit column of ('ells 
Those next the neck of the aichegomum foim an oigan called the 
suspensoi, while the lowest of the series and the fuithest fiom the 
neck subdivides and becomes the embiyo 

The embiyo is at first an ovoid mass of cells at the lowei end 
of the suspensoi The unequal development of one side pi educes 
a prominence which becomes the growing end of the young stem 
On the sides of this two smaller excrescences aie formed , these 
are the beginnings of the two flist leaves A thud enlaigement 
is foimed just opposite the point of attachment of the suspensoi 
This becomes the foot which acts as an haustonal organ and ab- 
soibs the food mateual stoied m the gametophyte Latei on the 
fiist root anses m the tissue between the foot and the suspensoi. 
Very soon the giowth of the embryo causes it to buist out fiom 
the gametophyte and the containing spore coat. Its loot glows 
down into the ground to absorb watei and the necessary mineral 
supplies, while the stem pushes forth pioducmg leaves to cany on 
photosynthesis and transpnation, and thus the young spoi ophite 
is launched 

Companson of Selaginella with Aspidium shows that the 
gametophyte of the former is much simpler m its construction than 
that of Aspiclmm The vegetative apparatus of the male gameto- 
phyte is limited to the single small cell foimed by the fust division 
of the microspore, and this corresponds to the whole piothallus of 
Aspidium The small capsule of cells sun oun ding the spcim- 
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mothei -cells is a single antheudium foimed on this diminutive 
prothallus Tlie whole gametophytc is thus piactically i educed to 
a single antheudium Having no vegetative oigans it is entirely 
dependent on stoie matenals laid up m the spoie loi its suppoit 
Although not quite so diminutive as the male, the female 
gametophytc of Selagmella is veiy inconspicuous compaied to that 
of Aspidium It often foims a few rhuoids fiom the exposed pait 
of the piothallus but neithei these, noi the small amount of green 
cells also foimed m this region ol the prothallus, aie veiy effective 
nutntive oigans, and consequently the female gametophyte is 


Fig. 4Q — Selagmella , gemmating megaspoie, 
longitudinal section, x about xoo a , lepro- 
ductive , b } vegetative portion ol lemale 
gametophyte , c , spore-coat , d } embiyo , 
e } ovum m archegonmm. (Alter Lyon ) 



Fig 50 — Selagmella 
martensn, young 
sporophyte a, 
megaspore , b , first 
leaves (cotyledons) 


almost as completely dependent on the matenals stoied m the spoie 
by its patent spoiophyte as is the male gametophyte 

The differentiation of the gametophyte geneiation into male 
and lemale individuals is a complication not found in Aspidium 
However, it should be mentioned that often small piothalli of 
Aspidium are found which develop anthendia only Piobably 
insufficient nutation m these cases has piecludcd the foimation of 
the cushion on the prothallus and consequently there has not been 
sufficient thickness to allow of the development of the aichegonia. 
Thus the sexual diffeientiation of Aspidium is probably due to 
external conditions But we have in Marchantia an example of 
sexual diffeientiation which is as complete as that of Selagmella 
In Maichantia, however, the spores which produce the male and 
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female gametophytes aie indistinguishable, and it is possible that 
external conditions decide the sex of the plant In Selagmella the 
external diffeience of the spores at the time of shedding shows that 
the sex of the gametophyte is already decided m the spoie, and 
external conditions are poweiless to altei it Plants winch aie thus 
chaiactensed by two lands of spoies, each giving use to sexually 
distinct gametophytes aie called heteiospoious They aie iound 
among the higher fein-hke plants, and all the Seed Plants aie 
heteiospoious 

It has aheady been noticed that the spoies of Selagmella begin 
then geimmation m the sporangium In one species not only the 
germination but the whole development of the female gametophyte 
takes place m the megasporangium The mieiospoics aie shed 
from the microspoiangia and fall on the lowei spoiophylls of the 
cone When the cone is moistened with dew tn nun the spenns 
are liberated and make their way to the aichegoma exposed by the 
ruptuie of the megaspoies still remaining m the megaspoiangium. 
Feitilisation takes place theie, and actually young spoiophytes, 
developed within the gametophyte, may be seen cmoigmg between 
the sporophylls of the cone The letention of the megaspoie in 
the megasporangium until feitilisation of the gametophyte is effected 
is a state of things chaiactenstic ol the Seed Plants. In this 
respect the heteiospoiy of Selagmella foims a connecting-link 
between the Seed Plants and the Ferns 

PRACTICAL WORK, 

Sketch a piece of Selagmella martensn showing the prosliate branching 
system, the arrangement of the leaves, the rhizophoies and roots. 

Make transverse sections of the stem, and record your observations on 
them rn sketches with the low and high power. 

Mount several leaves in water Look for the hgule. Examine the under 
surface of the leaf and note the stomata, and the presence of single chloro- 
plasts rn some of the cells 

Pick off some of the cones and boil them in dilute potassium hydrate to 
clear them Mount them in water and examine. The microsporangia and 
megasporangia will be seen, and the ligule on some of the spoiophylls. 

Cut longitudinal sections of the cones and supplement with these your 
observations with the cleared specimens. 

Shake out some of the spores on to a piece of filter paper in a Petri dish. 
Moisten with ram-water and keep in a warm room for a few weeks Examine 
at intervals Notice the bursting of the spores and the female gametophyte 
protruding from the megaspore and later the stem and first two leaves and 
the root of the embryo sporophyte. 
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We have seen that Selaginella is m many ways a connecting-link 
between the Ferns and Seed Plants The truth of this statement 
will be much more fully lecogmsed when a study of the stiuctme 
and life-histoiy ol some of the Seed Plants has been made 

We will begin our study with the examination of the Scots Pine, 
Pinus ulvesirh This tiee foims foiests m noithem European 
countues, but is found scatteied m mountainous parts ol the 
Bntish Isles Its stout woody stem, heavy blanches and strong 
loots form a great contiast to the conespondmg paits in the 
common Ferns. Its stem tapeis fiom base to summit and at 
Intel vals puts foith a number of blanches all lound it at the same 
level. These branches support secondaiy blanches The second- 
ary branches, howevei, emeige only on the sides of the pnmaiy 
branches, so that the lateral blanching systems have a doisivential 
appeaiance The slender ends of the stem and blanches are 
clothed with gieen leaves Examination of these ends show that 
they tei ruinate with a bud and that they are covered ovei with 
large numbeis of small scale-like leaves arranged m spirals upon 
then surfaces In the axils of each of these scales is a tuft of two 
gieen needle-shaped leaves The bases of the two gieen leaves aie 
continuous with, and attached to, a veiy shoit shoot 01 blanch 
nisei ted in the angle, or axil, formed by the scale with the suppoit- 
ing stem The attachment of the gieen leaves to the top of the 
dwaif shoot is concealed by a numbei of diminutive scales which 
aie fixed round the base of the leaves close to the top of the dwaif 
shoot. The dwaif shoot has a limited life only, and aftei pi educ- 
ing its two gieen leaves it ceases to glow, and it is detached fiom 
the stem and falls off aftei thiee or fom yeais. While the gieatei 
part of the slendci terminations of the stem and its branches are 
covered ovei with scales including dwaif shoots, laigej buds like 
that at the apex are formed in the axils of the scales at the base 
of each season's giowth These glow out into long shoots and 
are the ongins of the groups of branches on the main stem 
Similarly a pair of large buds which produce branches are loaned 
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at the base of each season’s giowth at the end of the latcial 
blanches and thus piovide foi the doisivential blanching of the 
latcial blanches 

The stem is piolonged downwaids into the soil by a laige loot 
The downward extension of this tap-root depends on the depth 
of the soil It sends off side loots and these blanch lepeatedly 
The finest branches of the loots aie delicate and thiead-like 

The green, oi foliage, leaves aie long and nairow Each is 
a half cylmdei in foim and tapeis towaids both ends Its flat 
surface at the base is turned towaids its neighboui in the tuft, 
its uppei pait is loosely twisted A single vein runs down the 
middle of each leaf containing two small vasculai bundles, 01 



Fig 52 — Finns silvatrtSf leaf tiansverse section, x 58 a , cuticle , b, epi- 
deimis , c, stomata; d , mesophyll-cells with infolded walls, c, resm- 
ducts , f t air-spaces , g , endodermis , h } transfusion tissue , i t wood or 
xylem , A, bast or phloem 

conducting tiacts. Outside the vein is the mesophyll of the 
leaf, and it is protected by a fibious layei, which is in turn coated 
by the epideimis The epidermis is composed of thick-walled cells 
foimmg stiong libies elongated m the duection of the length of the 
leaf The outer walls of its cells aie coveied with a fum cuticle 
The epideimis is peifoiated by longitudinal lows of stomata, 
which lead into an -cavities in the mesophyll. The stomata are 
boideied, as in the ease of the Ai chegomates, by two guaid-cells 
These aie sunk below the geneial level of the epideimis, then 
walls aie much thinner than those of the othei epideimal cells 
and they contain numeious chloioplasts, while the othei cells 
have none The mesophyll-celis aie pcculiai, they are lsodia- 
metueal and fit fanly closely together Fiom theii thin walls 



182 


Practical Plant Biology 


incomplete paititions extend into the cavity of the cell, dividing 
the cell up into a numbei of incomplete compartments In 
these cells are found laige numbers of chloioplasts embedded 
in the film of piotoplasm lying against the wall. Between the 
isodiametiical mesophyll cells and the epideimis there is a sheet 
of elongated fibies which is continuous undei the epideimis, 
except below the stomata, where it is leplaccd by V-shaped 
mesophyll cells enclosing between then two blanches the cavity 
which leads through the stoma to the outside The mesophyll 
is bounded on its inside by a unifoim layei, one cell thick, 
the endodermis Its cells aie oblong and lit closely togethei 
The tissue between the conducting Uacts and the endodemns 
is called the pericycle It is composed of some cells with 
cellulose walls filled with piotems and staich, and of otheis 
whose walls have become woody 01 ligmfied and have lost then 
piotoplasmic contents and aie, m fact, tiacheids The walls 
of these tracheids aie furnished with bordeiccl pits, the natuie 
of which we will study latex. These two kinds of cells foim 
the transfusion-tissue, which is analogous m its functions to the 
finer lamifications of the vasculai bundles of other leaves The 
two conducting tiacts aie composed of parallel stiands of wood 
and bast The wood is placed next the flat side of the leaf 
and the bast towaids the convex side The foimei is built up 
of a numbei of fine capillaiy-tubes with walls of ligmfied cellulose 
(woody substance), and the latter of long fine cells with thin 
cellulose walls These lattei, the sieve-tubes, have aieas (sieve- 
plates) on their walls peifoiated with veiy minute poies, and 
thiough these the mucilaginous contents of the sieve-tubes aie 
continuous The two conducting tracts run down the leaf 
enclosed m the tiansfusion -tissue and pass without any maiked 
change m their dueclion into the dwarf shoot Here the foui 
stiands contubuted by the two leaves remain sepaiate for a shoit 
distance, but gradually convciging, they soon fuse togethei and 
foim a tube surrounding the nanow pith This tube formed 
of the downwaid piolongation of the conducting tiacts of the 
leaves enteis the coitex of the stem which suppoits the dwad 
shoot obliquely As it appioaches the pith it divides into two 
stiap-like poitions which bend downwards and um m a steep 
spiral on the outside of the pith towards the base of the stem 
In their course downwaids the two straps fuse with the bundles 
coming fiom other dwarf shoots. Owing to these fusions, the 
numbei of bundles m the stem at any level, except at the veiy 
top, is less than the sum of the bundles contributed by the dwarf 
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°°ts above In fact the numbei seen in any cioss section 
Ues fiom si\ to fifteen The wood of the conducting tiact, 
‘ llc h is towaids the flat suiface of the leaf, is placed on the 
s Kle of the tract when the lattei turns downward m the stem 
1( l the bast lies on its outei side In the leaf the bast lies 
icetly against the wood, but in the stem a thin layei of glowing 
— ‘the cambium — sepaiates the two 
•Hie tissue of the stem in which the conducting tiaets aie 



d y cortex, g, endodenms , r, wood or xylem. 

nbedcled is called the fundamental tissue It is limited on 
e outside by the single layei of cells forming the epidcimis, 
hich is continuous ovei the whole surface of the end parts of 
lc branches, the dwaif shoots and then leaves The tough 
iter layei s of its outei cell-walls foim a neatly impermeable 
it'd — the cuticle — coating the whole; this is only peiloiated 
r the stomata Within the epidcimis the fundamental tissue 
divisible into Ihtee regions : (i) Outside the conducting tracts 
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is the coitex which is composed of cylmducal cells with intei - 
cellular spaces between them, then axes being paiallel to the 
axis of the stem They aie thin- walled and the outci cells 
contain chlorophyll Staich giams are usually found m all 
Between the conducting tiacts and sepaiating them fiom one 
another aie (2) the medullary lays They aie composed of 
cubical or oblong cells with thin walls, containing stores of 
caibohydrates They connect the fundamental tissue of the 
coitex with that of (3) the pith, which forms the axial me of 
the stem The pith is built up of rounded cells, thin- walled 
and usually containing stole matenals, and enclosing between 
the cells intei cell ulai spaces. The mtercellulai spaces lluough- 



Fig 54 —Viiius stlvcstns , young long shoots, transverse sections, x 7 
Section on the left taken at the beginning, that on the right towaids the 
end of the first season’s growth* a , cortex , b t resin-ducts , c, bast or 
phloem , d, cambium , e, medullary ray ; /, wood 01 xylem , g, pith 


out the fundamental tissue foim a continuous system and so 
allow of a slow intei change of gases between the mnei tissues 
and the outside Thioughout the stem and leaves theie is 
anothei system of passages m the foim of hianchmg-tubcs lined 
with cubical cells which exude resm into the tubes. These 
resin-passages aie found m the wood, in the medullary nays 
and 111 the coitex of the stem and of the mesophyll of the 
leaf Being sunounded by tuigid cells the resin m these ducts 
or passages is undei piessure, and when the tiee is wounded 
is extiuded thiough the suiface of the wound In these cases 
the lesxn appeals to act as an antiseptic and coating the wound 
prevents excessive loss of watei by cvapoiation 
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The stem glows m length at its tip This tip is rounded and 
is foimed of small thin -walled cells, which lit closely togethei 
They aie isoduimetiical and polyhedral in foim Piotoplasm 
fills then cavities completely, and the nuclei of these cells aie 
compaiaiively laige At the extieme tip the cells divide at 
shoit intcivals and so then numbers mciease rapidly They 
all lesemble each othei and aie quite undiffeientiated At a 
veiy shoit distance below the tip small cxciescences on its 


l 



Fig 55 — Pinus silvcstns , glowing tip of stem, longituclma section. 
/, young leaves , pc , procambial tracts (From Evans’ An Intermediate 
Ti \ tbook of Botany ) 


side aie developed These aie the beginnings ot the scales 
and ot the dwaif shoots At fust the cells of these lesemble 
those ol the extreme tip, being quite undiffeientiated liom one 
anothei. Latex on some of the dcepei cells of tire short shoots 
and of the tip of the stem, which suppoits them, elongate and 
divide longitudinally only, thus foinung tiacts lunning horn the 
scales and dwaif shoots into the apex, 01 tip, of the stem These 
me the ptoeambial tiacts and aie the foreiunneis of the vasculai 
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bundles The fust part of the bundle to be diffeientiated is 
the mneimost part of the wood To form it the inner cells oi 
the procambial tiact elongate and become tubulai, spnal and 
annular bands are laid down inside their walls while the proto- 
plasmic contents disappear and the walls become hgnified The 
spiral and annular tubes developed first fiom the piocambium 
foim a continuous thread of tissue called the piotoxylcm, tunning 
on the inner side of the wood strand Nearly as soon as the 
foi matron of the piotoxylem on the inside of the piocambial tiact, 
the differentiation of a tissue called the piotophloem takes place 
on its outside The change here of the piocambial cells is not 
so marked, foi the walls lemain cellulose and develop no special 
thickenings A thin film of cytoplasm is still letamed, but the 
nucleus bieaks up and disappears Between the piotophloem 
and protoxylem theie is left over a thin layei of undifferentiated 
cells These form the cambium The inner cells of the cambium 
develop the characteristics of woody capillary tubes, and the 
outer cells those of sieve-tubes, while the cells fotming the middle 
of the layer divide longitudinally and give use to new un- 
differentiated cambium cells In this way the thickness of the 
stiand of wood is increased by additions on its outside, while 
the bast receives additions on its inner surface 

The growth rn thickness of the two strands of the conducting 
tract natuially stretches the medullary rays in a radial duection. 
Apparently in response to this stimulus the cells of the lays, equi- 
distant from the pith with the cambium m the conducting tiacts, 
begin to divide, and to add to the ladial length of the medullary 
rays This dividing layer m the lays is called the interfasciculai 
cambium, m contiadistinction to the cambium of the vasculai 
bundles, which is called fascicular cambium. The wood and the 
bast which aie formed before the development of the interfascicular 
cambium are called pnmary wood and primaiy bast Wood and 
bast formed subsequently to that stage are secondary. The fascu ulai 
and interfasciculai cambium now form a continuous sheet outside 
the wood intersecting the medullary rays This sheet lays down 
on its inner suiface wood-tubes and medullary-ray-cells, and on its 
outer suiface sieve-tubes and medullary-ray-cells. These new 
elements sometimes correspond to those already laid down m the 
pnmary anangement of tissues, but sometimes they do not In 
the latter case medullar y-ray-cells laid down radially opposite the 
pnmary wood strands initiate a lay which does not extend as far 
as the pith and does not reach the cortex. Such rays aie called 
secondaiy, in contradistinction to those which extend from the 
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pith to the* cottex, which aie the primal y rays, and persist from 
the pnmaiy ainangement of tissues obtaining before the differenti- 
ation of mtci fascicular cambium The secondary medullary rays 
of Pinus arc usually only a single layei of cells thick and from one 
to ten, 01 even fifteen, cells deep The interfascicular cambium 
ioims woody lubes in the pnmaiy medullaiy rays The primary rays 
are thus reduced in thickness, as they extend outwards, keeping pace 
with the thickening of the wood, and soon become, like the 
secondaiy rays, only one cell thick The reduction m the size of 
the pnmaiy rays by the addition of secondary wood conveits the 
sepai ate woody stiands, such as we have seen are found near the 
apex, into a continuous woody cylinder a little lowei down This 

< lunge is externally visible in the greater rigidity and hardness of 
the stem at this level, compaied with its succulent and herbaceous 

< ( insistency neaiei to the tip 

A considerable amount of secondary wood may be formed by 
the* dose of the first glowing season Thus, if at the end of the 
summei we cut across a Up developed during the previous spring, 
we will find the woody cylinder already consolidated into a 
rigid tube The primary wood foims ndges lunmng down the 
inside of tins tube and the protoxylem threads occupy the crests 
of these ridges The position of the protoxylem on the inner 
aspect of the woody stiands is characteristic of the wood of the 
stems of Seed Plants Such wood stiands aie called endarch and 
c ontiast with those of the Ferns in which the protoxylem is often 
sunounded by, and embedded m, the woody strand (mesarch). 

As the season progresses the woody tubes or tiacheids formed 
by the cambium aie nanowei than those formed earlier in the 
season At the same time their walls are thicker At the end of 
the summei the activity of the cambium ceases Cell division is 
suspended and no chffeieiitiation of cambial cells into tracheids 
and sieve-tubes takes place. However, with the return of spring 
giovvth recommences The cambium-cells grow m thickness and 
they divide longitudinally At the same time differentiation begins 
among the cells forming its inner and outer layers The formei 
become tiacheids and the latter sieve-tubes The tracheids which 
aie foimed in the spimg are much wider than those formed m the 
summer and then walls are thinner The cambium adds tiacheid 
aftci tracheid to the wood, and as the season advances the radial 
diameter of the tiacheids successively added becomes gradually 
smallei and their walls thickei In this way the layer of wood 
lor mod dui ing each giowing season giadually changes in character , 
that loaned in the spimg is built of wide tubes with thm walls, 
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and passes giadually into that fanned in the late summei which 
has thick walls and nanow tubes The lattci is den&ci, then* 
being more wood substance in it The lecommencemcnt of 
giowth in the spring abiuptly staits with the large tubes, which 
form poious wood 

The succession of layeis of wood fanned in the successive 
seasons is cleaily marked out by this abiupt change fiom late 
summer to early spnng wood So when a piece of pine wood is 
cut across you will see a succession of light and dark concentnc 
zones The light zones are the spnng wood and pass outwaids 
giadually into the daik /ones which aie the summei wood Out- 
side each dark zone there is an abiupt change and on its outside 
comes the spnng wood of the next yeai Evidently tins conation 
enables you to tell the age of a bianch or stem when cut anoss, 

each yeai being lepiosented 
£ by a ling in the cross section 
These yeai -rings aie not of 
unifoim thickness and then 
co mpai alive sizes constitute 
^ a recoxd of the histoiy of the 
tree, and shows how the suc- 
ceeding ycais weie lav out - 
able to growth 01 the levense 
In longitudinal sections of 
the wood these /ones appeal 
as paiallel bands, each zone 
lepiesenting a hollow tube 
of wood If the longitudinal 
section is uidial, i c uinnmg 
tbiough the axis of the stem, 
the spacing of the paiallel bands depends dneetly on the thick- 
ness of the yeai -nngs, if, however, the longitudinal section 
does not pass dneetly thiough the axis it is tangential, i e tan- 
gential to some cylindrical suiface concentnc with the pith, and 
the spacing of the paiallel bands is normally wiclci neai the middle 
line of the section In oblique tangential sections evidently the 
yeai -nngs will appear as ellipses, and in this way they will produce 
the beautiful figure seen in panels of wood cut tangentially and 
slightly obliquely in the stem 

The structure of the loots differs somewhat fiom that of the 
stem. In them a single axial piocambial core of elongated cells 
gives use to the conducting tiacts The protoxylem is differenti- 
ated at a few positions on the suiface of this cyhndncal core, and 



Fig 56 — Ptnus sdvcstns, cut surface of 
branch nine years old a, bark , b , 
spring wood , c, summer wood , 
pith 
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the ptotophloem is also foimed on its sm face, at places alternating 
with the groups of piotoxylem The pnmai y wood differentiates 
in the cential part of the piocambium and foims a coie of wood 
connecting the piotoxylem threads 'The piotoxylem groups thus 
lie 1 on the outside of the primary wood The woody core of the 
root is consequently described as exarch In the pine there aie 
usually three gioups of piotoxylem, so that the pumaiy-wood-eoie 
is a thiee-sided pi ism with piotoxylem thieads upon its angles 
On the hat, 01 slightly giooved, vSides of the pnsm are the thieads 


P Cx C Xy En 



Mo, 57 .— Pirnis stlvcsins , tiansveise section ot loot, x 40. P, pihteious 
Liyei , C\, eoitex, En, endodenms; P, phloem, C, cambium; Xy, 
xylem, Rc, lesm-canitl (Photomieiogiaph by hlatteis, Milbourne, & 
McKechnie ) (From Evans’ An Inlmnediate Textbook of Botany,) 

oi piotophloem. Between them and the wood is the cambium 
While the pnmaiy wood is diffeientiaiing the cambium foims 
pi 1 mat y bast on the inside of the protophloem and, by the formation 
ol tucheids on the Hat face of the woody pusm, converts it into a 
cylindrical core of wood Inter fasciculai cambium now hums out- 
side the piotoxylem thieads, and unites the cambium into a con- 
tinuous sleeve unsheathing theicore of primary wood and piotoxylem 
The formation of secondary wood by this continuous cambium 
increases the thickness ol the woody cylinder, just 111 the same 
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mannei as the activity of the cambium of the stem adds to the 
thickness of the wood in that organ 

The anangement and growth of the tissues outside the conduct- 
ing tiacts is much the same in the loot as in the stem, e\(ept 
that neai the tips the outeimost layei of all contains ccitam < ells 
which elongate themselves at light angles to the sui lace and 
glow out as tubulai cells into the sunoundmg soil These aie the 
loot-hans 

The tip of the loot is composed of glowing cells like those ol 
the extieme apex of the stem, and fiom them the cells of the 
coitex and the cells ol the procambial coie aie diffeientiated At 
the same time cells aie shed off on the outside of this glowing 
tip and loim the loot-cap, which is a mass of loose cells thiough 
which the tip forces its way The cells which aie shed off lubiicate 
the passage of the tip thiough the soil 

Fiom this shoit descuption of the ongm, giowth and an align- 
ment of tissues you will undei stand that the watei and dissolved 
substances passing into the xoot-haiis aie tiansmilted by the coi lex 
to the pnmaiy wood and to the piotoxylem m the ends oi the 
loots These aie continuous with the outei and moie lecent 
secondaiy wood next to the cambium and pass the watei collected 
by the root-hairs up to the most lecent paits of the wood ol the 
stem These outei layeis of the wood of the stem aie continuous 
with the pnmaiy wood and piotoxylem of the newly loaned bianch- 
tips, which aie m direct connection with the woody stiands coming 
from the leaves Hence even in the oldest tiees theie is a duect 
channel m the lecently founed wood connecting the absorbing 
tips of the loots with the evaporating sui faces ol the leaves 


PRACTICAL WORK 

Take the end of a bianch of Ptnus stlvcstns. Identify the long and dwail 
shoots Obseive the circle ol long shoots formed lound the mam stem at the 
base ot each yeai’s giowth Notice the subtending scale of the dwarf shoots, 
and their sheathing scales sui rounding the bases of the two foliage-leaves. 
Make out the number of seasons during which the dwarf shoots peisist. Re* 
coid these observations in your sketches. 

Prepare and mount thin transverse sections of a leaf Make a sketch 
showing the epidermis with its thick walls and its cuticle, the sunken stomata, 
the inner fibrous layer, the mesophyll with its inflected cell-walls, the bifurcating 
cells beneath the stomata, the resm-ducts, the endodermis, the transfusion 
tissue, and the two conducting tracts formed of wood and bast. 

Prepare and mount a transverse section ol the terminal soft and succulent 
part of a branch, cut in eaily summer before the foliage leaves on the dwarl 
shoots are mature. Sketch the section marking the epidermis, coitex, primary 
medullary rays and pith The primaiy vascular bundles composed ol piotoxy- 
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lem, pimiary wood, primary bast and protophloem should also be shown. 
The resm-ducts will also be conspicuous 

Piepare and mount transverse sections of a part of the stem which is 
two or thiee years old Make an outline sketch of the whole Fill in details 
on a sector of the sketch, showing the pith, !\ pioio'' 1 V ' ‘he primary wood, 
the primary medullary rays, the spring and - i < » o do the two or three 

rings, the secondary medullary rays, the cambium, the secondary bast, the 
primary bast (the protophloem cannot be recognrsed) and the secondary cortex 
Transverse sections of the young growing tip of the root and of part which 
is two or three years old should also be prepared Notice the change of the 
prismatic, or grooved, core of primary wood into a solid cylinder by the 
addition of new wood The position of the protoxylem at the angles of the 
primary wood may be easily identified by the well-marked primary medullary 
rays which are directed radially inwards from the cortex, and terminate at the 
protoxylem 
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While the piocambial tiacts are forming the piotoxylem tubes, 
the cells of the apex surrounding them aie expanding mpitll) 
Large vacuoles develop in then piotoplasm, mei easing then volume 
at a quick rate This expansion is chiefly in a longitudinal du no- 
tion, and is probably to be attnbuted to the action ol the osmoth 
pressure of soluble substances m the piotoplasm m pushing 
out the plastic vertical walls of the cells The watei supplied by 
the wood tubes leading up to the apex allows this osmotic ptessuie 
to act The elongation of these cells involves that of the piotoxy 
lem tubes, and the longitudinal extension of then walls is 
plainly indicated by the drawing out of then spinil thickenings and 
the mcieased spacing of the rings The most rapid elongation ol 
the apex takes place immediately aftei the difleienliation ol the 
hist piotoxylem tubes Consequently those which aie ncaiesl the 
pith have the most widely spaced thickenings * those' outside them, 
being foimed subsequently to the period of maximum giowth, have 
their spiral and annulai thickenings closei togethei 

The protoxylem tracheids being foimed ui the midst ol soli un- 
differentiated tissues aie cucular in cross section Once set ondaty 
developments have consolidated the woody eyhndei the new 
tracheids are developed undei mutual piessuie between the ugid 
woody cylinder and the cohering coilcx outside. The ell re ( ol 
this pressure is seen in the fact that the secondaiy tmeheids me 
prismatic in foim — polygonal in cioss section 
The development of these tiacheids takes place somewhat as 
follows each cambium cell is prismatic in loim. Its long axis is 
parallel to that of the stem. Its cross section is lectangular and ol >lt mg 
and so oriented in the stem that Us two longer sides me pmnllei 
to the surface (tangential) while the two shoitet sides seen m the 
transverse section are radially disposed These pnsmatie cells ait* 
terminated above and below by a bevelled end If you have 
followed this description you will leahse that the cambium ceils 
appear as small rectangles m transverse sections, as very long 
rectangles in radial sections and as long paiallelograms with sloping 

192 



Lcctme XXIII 


193 


end wallb in tangential sections of the stem These cells increase 
in thickness in a ladial dnection, and after their nucleus has divided 
a longitudinal wall is foimed which divides the pi ism tangentially 
into an innei and outei poition. The outei remains undiffeienti- 
ated and glows and divides, the inner one slowly changes and 
becomes a U ache id It elongates consideiably, the originally 

bevelled end becoming more tapeied and pushing between the 
similar ends of othei developing tracheids above and below 
During this giowth the mutual piessuie of these ends distoits their 
ot igmal foi m and forces them to become polygonal prisms This 
distortion does not take place in the middle legion of the develop- 
ing tiiicheul, and consequently it retains its rectangulai shape 
undishnted Simultaneously with this elongation the developing 
Uacheul glows m width Its giowth m width appears to be 
hugely conli oiled by the watei supply When this is limited the 
osmotic piessuie is unable to distend the wall Hence the tiacheids 
formed in pcnods of diought (usually in summei) have smaller 
cavities than those pioduced when water is abundant m the stem 
(viz, in spang) When matuie the tiacheids aie about 2 mm 
m length and vaiy fiom o 04 mm to o 02 mm in width 
While this enlaigement of the cell has been taking place the 
piotoplasm within has been active in adding to the thickness of 
the wall The new layeis composed of woody cellulose soon so 
incicase the stiength of the wall that fmther enlargement is im- 
possible Ceitam areas on the radial walls are not thus thickened 
but remain as thin cucular patches on the wall of the tracheid 
These patches ai c called pits They resemble flexible membranes 
stretched across circular openings 111 the radial walls between ad- 
jacent tiacheids The cential pait of the membiane is slightly 
thickened and foims a cushion of cellulose called the torus the 
peripheral part is excessively thin On the maigm of the pit the 
protoplasm foims a deposit of ligmfied cellulose which is at first 
a ( ollai and then grows up into a dome oveiaichmg the pit mem- 
lnane The dome is nevci completed but leaves a moie or less 
constncted opening m its top leading into the pit Domes over- 
ai clung the pit membrane sepaiating adjacent tracheids are simul- 
taneously developed These stiuctuies on the walls are called 
bordered pits 'They ate completed in the cell befoie the remains 
of tire protoplasm disappear and leave the tiacheid without gianulai 
contents. Thu bordered pits aie about o 02 mm in diameter . 
they aie placed in a series along the ladial walls of the tracheids, 
20 to on each wall Occasionally, especially in the summer 
tracheids, bordered pits aie found on the tangential walls. The 
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flexibility of the membianc allows it to be displaced, so that it 
may lie against the dome on eithei side, while the toms blocks 
the apertuie of the dome As will be explained in a latei lectin e, 
these peculiai little valves play an essential idle m enabling the 
evaporating leaves to chaw up a continuous supply of watei thiough 
the plants 

A companson of the appearances piesented by the vanous stun - 
tuies composing the wood in sections taken in dilleient dneUions 
will bung out cleaily then iclntions and will enable you to ie<< in- 
stinct mentally the solid foi m of each For this pui pose it is neces- 
sary to examine the appeal am e of the tiacheids, medullaiy lays, 
and boideied pits in three sections taken at light-angles to each 
othei, viz in Uansveise, ladial and tangential sections 



Fig. 5%,—Pminstlvc'itns, plan (m middle), section (at either side) of bordeied 
pit, x about 1000. d , dome; /, torus, m, membrane ; ladial wall of 
tracheid, t, tangential wall. The section on the left shows the mem- 
brane and torus in a median position, that on the right shows them 
drawn against the dome. 

(i) Transveise section — 

The whole of the secondary wood of Finns, i t\ all the wood 
except an insignificant portion immediately louncl the pith, is built 
up of tiacheids Each cambial cell ongmates a ladial low of them 
so that m tians verse section we see their lectanguku cioss sections 
foiming nxdial senes. The icgulaiity of these senes is only dis- 
turbed if the section is at the level of the ovei lapping ends, oi if, 
as occasionally happens, the cambial cell divides radially, and the 
radial senes becomes double As you have alieady learned the 
walls of the summei tiacheids aie thicker than those formed in 
the spnng In tiansveise sections these thick-walled tiacheids 
foim daik bands ciossmg the ladial lows at right angles. These 
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daik bands aie separated from one another by light ones foimed 
by the thin-walied spung tiacheids Comparison of the abruptness 
of the transition on cithei side of the bands will enable you to 
detemnne m which dnection the pith and the coitex he In the 
tnmsveise section, the pits aie seen almost exclusively on the ladial 
walls At the level of a pit this wall in section looks like two Ys 
placed so that the ends of the two blanches of one aie approxi- 
mated to the ends of the two blanches ol the othei and connected 
acioss the angle of the Ys by a thm line The blanches ot the 



Fig. 5q. — Phi us stlvcstns , — — -i-t. 0 f transverse section of wood, 
x 32, ew t eaily, 01 sp 1 ate, or summei wood; r, medul- 

laiyray; rd 9 resin-duct. 

Ys icpiesent the section of the domes on each side of the pit The 
veitical limb of the Ys oonesponds to the section of the lachal wall 
In the turns' verse section of the wood the medullary lays aie 
also seen. They appeal as ladial bands of cells, one cell thick, 
mteiposed between the radial lows of traeheids The medul- 
kuy-ray-cells appeal oblong, theii gi eatest extension being m a 
ladial dnection Usually they aie filled with pioloplasm m which 
is seen a nucleus and often staich grains and oil globules. Some- 
times the protoplasm has disappeared and the wall of the cell alone 

*3 * 
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remains as a tiacheid Resin-ducts aie also seen m the tians 
veise section of the wood They aie found in thickened paits c 
the lays and may be cut tiansveisely 01 longitudinally and ai 
lined with a layei of cells which seciete lesin into the ducts 
(2) A ladial section of the wood shows the same stun tuies as tb 
tiansveise, but natuially they appeal very diffeieni, being viewer 
fiom an aspect at light angles to that shown in the tiansveis 
section The trachcids aie seen in longitudinal section, thei 
tangential walls being cut, while then ladial walls aie seen 11 



Fig, 60 — Finns silvestns , microphotograph of radial section of wood, x 3 
civ , early, or spring wood, lw, late, or summei wood, r, medullaiy my 
rd y lesm-duct. 

plan In the summei wood the tangential walls are closer tc 
gethei than in the spnng wood, consequently the wood tissue 1 
that legion appeals more dense and the successive layei s of sum mt 
wood appear as successive veitical bands alternating with the moi 
tiansparent bands of spnng wood It is on the ladial walls < 
the spnng wood, between the moie widely spaced tangential wall 
that the bordered pits are most plainly seen Focussing dow 
upon them then stiuctures come into view m the following su< 
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cession (ci) The opening of the dome, 
which is moie 01 less slit-like , (I) the 
cncular outline of the pit membmne 
within which is a snullei concentuc 
uicle, the outline of the toius, (c) the 
opening of the dome on the fuithei side 
ol the membtane In this ladial section 
the medullaiy lays appeal as walls ol 
cells ciossing the tiacheids, vaiying fiom 
one to fifteen tieis of cells m height 
The outlines of the cells aie oblong and 
then gieatei extension is honzontal 
Then cytoplasm with its nucleus and 
gianulai contents appeal to fill the cells , 
sometimes, howevei, empty tiacheids aie 
found leplaung these cells, especially 
those of the uppeimost and lowest tieis 
Occasional lesin-ducts aie seen using 
vertically fiom lay to lay, 01 lunmng 
honzontally in a uiy 

(3) In tangential sections of the stem 
the tiacheids are again seen in longi- 
tudinal section This time, howevei, it 
is then ladial walls which aie cut and 
their tangential walls aie seen m plan 
The tangential walls aie usually smooth 
and show no special stiuctmes, but on 
the cut radial walls aie seen theboidered 
pits Being ladially symmetrical the 
pits piesent the same appeal ance on this 
section as they do on the Uansveise sec- 
tion In tangential sections of the stem 
the medullaiy lays aie cut vat light angles 
to their roitise. Being walls ol one cell 
thick and ol a vanable height they ap- 
peal as vertical senes of cells The 
height is somewhat gi eater than then 
width. Most of them aie filled with 
pioloplasmie and gianulai contents, and 
often seem to bulge into the empty 
cavities ol the adjacent tracheids Often 
the uppeimost and lowest tins ol cells 
have lost then contents and have 



Fig 6r. — Piniis silvestm , 
diagrammatic tangential 
section o f wood transmit* 
ting transpiration-current, 
x 60* a, medullaiy ray, 
b, boidcied pit with mem- 
biano in median position 
andcapal’ r ' 
water , c , > , 

membrane diawn against 
dome and capable of re* 
sistmg tension ot sap ; f/, 
liacheid full of water and 
' - uent, a, 

, - 1 of watei 

showing the bordeied pits 
on its walls with membranes 
drawn against the domes. 
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become tracheids Here and there lays aie seen seveiai cells tin. I 
endowing resin-ducts Careful examination will also show n.imiU 
triangular spaces wheic the wall sepaialmg two nn duliat y-ia>-< 1 
E on that of a traeheid These spines iquesent the nnv 
sections of fine an -passages miming inwauts along the mjs.md 
providing for the aeiation ot the innei tissues. 

P While the segments which aie cut oil the innei a<es ol th 
cambium cells develop in the mannet just desnihed into tnu hen 
the segments similarly sepaiated horn the oulei laces glow int 
sieve-tubes The numbei of segments loimed on l ie outside c 
very much fewer, so that the ute ol lo.mation ol hast is mini 
slower than that of wood The walls ol these oulei segments te 
main thin and do not become hgnified The nucleus ol tlie ( d 
breaks up into minute fragments and the cytoplasm becomes su 
exceedingly attenuated layei against the walls I lie mdutl wall' 
develop special areas, sieve plates, which aie 1 winded m outlnu 
and are perforated with numbers of veiy fine penes (say 1/4 01 o’oo 
mm. m diameter) Thiough these pores the protoplasm ol ad 
jacent sieve-tubes communicates. As the sieve-tube ages thes< 
pores are filled up and the communication is cut oil 

The outside of the oldei pails of lire stem is covered with bail 
which replaces the cortex of the younger parts. The outer pan 
of the bark are produced by a layer ol tells situated m the toite 
whrch retarn the power of dividing This layer is called th 
cork-cambium These cells give rise to cells on their outside, th 
walls of which aie alteied by the addition ol a substance, subeui 
to the cellulose. Such walls aie veiy impel vious to water and thos 
of adjacent cells easily part asunder. They thus forma covet m 
layer of loose cells which, though wateipioof and a bad eondrn t< 
of heat, allows an to penetiate very slowly. It is culled the corf 
As the growth of the wood and bast stieUhes the cortex new rod*, 
cambiums are formed more deeply within the stem, while th 
outer cork spalls off as rough scales fiom the surface. 

We have seen that theie is diiect connection between the woo 
of the young absorbing roots and that of the transpiring leave 
through the outer layers of the wood ol loot and stem, K\cn 1 
the lower parts of those stems where the wood is loaned ol th 
growth of perhaps many decades of years, by fai the greaiei pa 
of the upward watei ciment is conveyed in a lew oulei layers, T 1 
older more axial wood acts as a skeleton lound which tin* functioi 
mg tissues form a veneer The carbohydrates and pi oleins fornu 
in the leaves are usually supposed to pass down the bast to be dr 
tnbuted to the cambium and the growing regions of the branch 
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’ and loots Some aie also stoiecl dining the autumn and wrntei 
in the medullaiy lays and next season may be tin own into the 
tracheids to be tiansmitted to the vauous points wheie they aie 
needed foi giowth The outei tissues — coitex and baik — act as 
non-conductois to diminish the suddenness oi external tcmpeia- 
tuie changes, as wateipioofing to isolate the bast hom external 
osmotic actions, and as aimom to piotect the mnei tissues fiom 
injuiy. At the same time the looseness of the cells in the coik 
peimits of an exchange of 
gases thiough this coat- 
ing which is necessaiy foi 
the tespinition of the innei 
cells, vi 7 those of the 
cambium and medullaiy 
lays 

Fiom this buef study of 
the vegetative stiuetuie of 
the Pme and cuisoiy con- 
sideiation ol the function 
of its paits we must turn 
oui attention to its le- 
pioduction 

Two kinds of cone are 
found on the Pine which 
aie concerned 111 its ie~ 
pioduction the dust- 01 
pollen-c ones and the seed- 
cones They aie both 
home neai to the ends of 
the blanches. We will 
begin with the examination 
of the pollen- cones 

The pollen-cones aie 
yellow in colour, they are 
somewhat egg-shaped and 
an* about t cm long. Intermediate Textbook of Botany.) 

'They aie attached to the 

piesent yeads giowtli by shod stalks. A laige numbet of them 
tonn gioups on the base ol the long shoot lepluemg lateial dwaii 
slioots. 

The stalk of the pollen-cone springs fiom the axil of a scale on 
the long shoot The stalk itselt beais a numbei of ovoilappmg 
membumous scales, and is continued upwaids as the thick, almost 



Fio. 62 —Finns silvestns > pollen cone, longi- 
tudinal section, x 12. a, pollen-sac, b , 
axis of cone , c, conducting tiact in axis, 
d . outei' end of stamen (Fiom Evans’ An 
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fleshy axis of the cone On this axis above the membianous scales 
just noted, the sacs containing the dust 01 pollen aie ciowded 
These sacs aie loughly cylindrical with lounded ends, they aie 
fixed in pairs on the undei side of special tnangular scales called 
stamens The base of the stamen — the apex of the tnangle — is 
attached to the axis, while the broadei distal end of the stamen 
beyond the pollen-sacs is 1 effected upwaids as a membranous flap 
The gieatei pait of the stamen is thin and membianous but down 
its middle line is a ridge of tissue which is tiaveised by a single 
vasculai bundle This bundle luns down into the bundles of the 
axis of the cone and unites with those of the supposing long shoot 
The pollen-sacs are attached to the undei side of the stamen at 
each side of the mid-rib containing the vasculai bundle, then long 
axis being paiallel to the mid-nb Theie aie between sixty and one 
hundied stamens m each pollen-cone and they aie ananged on the 




Fig 63. — Ptnits stlve&tns , stamen, end view on left, side view on light, x 25 
Side view shows pollen-sac dehiscing 

axis in close spiral lines so that they completely cover it fiom view 
The upturned ends of the stamens covei the ends of the pollen- 
sacs of the stamens above, while the yellow colour of the pollen - 
sacs shines thiough their membranous substance As the pollen- cone 
matures a longitudinal slit develops in the wall of each pollen -sac 
This slit is formed by the contraction of the outer layei of cells m 
the wall which, as water evapoiates fiom them, aie compelled by 
their ngid internal suppoits to conti act tangentially thus teaung 
the wall longitudinally Through this 1 upturn die yellow dust— 
the pollen — contained in the sac is leleased and falls on to the 
uppei suiface of the stamens below The pollen is retained theie 
by the upturned outer ends of these stamens. It is finally set fiee, 
by the elongation of the axis separating the stamens, and is 
launched on the wind by the swaying of the branches 

The pollen coming fiom these cones is a uniform fine yellow 
powdei . Each giam is a lounded mass about o 04 mm. in diametei. 
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It is contained m a thick cell- wall The outei layei of this wall is 
foimed of cutm and bulging away fiom the mnei layei forms two 
laige bladdei-like outgiowths on the wall of the lonnded mass 
These bladdeis arc each about hall the volume of the rounded 
mass which lies between them They contain an, and by deci eas- 
ing the specific gravity of the pollen-giam and greatly inci easing 
its surface they cause it to be easily earned on the wind The 
centiai mass is composed of one large lounded cell into which pio- 
jects a hemispherical stiuctiue composed of a small disc-shaped 
cell, the stalk-cell, and a small plano-convex cell, the body-cell 




Fig. 64, — Ptnus stlvestns , pollen-grain, x 250 That above, just about to 
-I.— g two t ranslt _ 01 y cejig against the inside of the coat of 
The lower grain has developed the pollen-tube. The 
two dark bodies m the tube are the nuclei of the sperm-cells, the two 
lighter aie the nuclei of the tube and the stalk-cell respectively. 


Acquaintance with the pievtous types suggests that the pollen - 
giams are spores and that the sacs which contain them aie spoiangia, 
and if this is so, then relations to the stamens would indicate that 
these latter aie spoic-beanng leaves — spoiophylls A study of 
the development eon films these suimises. The stamens anse as 
excrescences on the side ol the apex ol the axis of a developing 
pollen-cone They con expond with leaves in then development 
and in theii relations to othei pads. The pollen -sac arises on 
these leaves as a mass ol cells. Thu cells forming some of the 
deeper layers of this mass differentiate as a group of thin-walled 
cells completely filled with protoplasm and having large nuclei. 
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These aie the pollen -mother -cells The nucleus of each divides 
twice and piocluces foui nuclei Round each nucleus the cytoplasm 
segiegates and foims a spheucal cell A cell-wall is foimed covei- 
mg each, and from the ioniums of the cytoplasm ol the mothei-cell 
the cutmisecl layei and bladdeis aie foimed The foui pollen- 
giams ause as a tetiad in a mothei-cell, m a mannei quite similai 
to the spoies of the liveivvoits like Maichantia, the mosses like 
Funana and the feins like Aspidium and Selaginella Thus, con- 
sidered from the point of view of development, the piesumptton 
that the pollen-giains aie spoies gams piobabihty At fust the 
pollen-gram has a single nucleus It divides and one half becomes 
enclosed m a very small hat cell which adheies to the inside of the 
wall of the pollen-giam The othei occupies a centuil position in 
the pollen-grain The small adheient cell collapses and is i educed 
to what looks like a minute cleft in the wall ol the giam The 
nucleus of the pollen-giam again divides and the same fate ovei- 
takes the second cell foimed as the hist, and all that peisists ol 
these two cells aie two clefts 01 cracks in the substance of the wall 
of the pollen-giam The thud cell, formed m the same mannei 
howevei, persists and shoitly afteiwaids it divides to form the stalk- 
and the body-cell mentioned above At the time of the dehiscence 
of the pollen -sac these two cells have just been developed, 

PRACTICAL WORK 

Saw from a branch of Pinus silvestns ten or more years old a piece ol 
about i centimetre long Split it into five or six sectors and immeise them 
in spirit After ten or twelve hours or longer, change the spirit for a mixture 
of spirit and glycerine, about half and half, and leave for twenty-four hours 
This renders the wood more easy to cut Split some of the sectois tangenti- 
ally in the wood and some tangentially in the bast Smooth all the cut 
surfaces with a sharp razor and prepaie thin sections from the tiansverse, 
radial, and tangential surfaces Place the sections in watei and select some 
of the thinnest of them for staining. Lift these latter into a mixture of, 
watery safframne and Delafield’s hcsmatoxylm and stam foi fifteen to Unity 
minutes Wash m several changes ot spmt and finally clear m oil of cloves. 
See that the sections remain completely submerged in the oil. When the 
sections appear quite cleai — this may be tested by observing them in a strong 
light before a black background — lift them from the oil and lightly touch them 
against blotting-paper (to remove the free oil), and place them in a diop ot 
Canada balsam on a slide, and cover Dui mg the staining of these sections 
mount and examine others in water. 

Carefully examine the three kinds of sections, and sketch, using the high 
power, portions of the different tissues, viz of the wood, hast, cortex and 
medullary rays, as seen in all three. 

By caieful comparison of the appearances piesenled in the three sections 
reconstruct a medullary-ray-cell and draw it in perspective, marking the 
length of each of its sides as deteimmed by the Ghost-micrometer. 
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Sketch, using the high power, the bordered pits as seen in the three 
sections 

Sketch a group of pollen-cones on the supporting branch Using a simple 
lens, sketch one cone showing the scales and stamens Detach a single 
stamen, and, using the low powei or simple lens, sketch it fiom its upper and 
lower aspect, showing the pollen-sacs, the mid-rib, and upturned end 

Shake out some of the pollen on a dry slide and examine with a low power 
Obseive the cential mass and obseive its an-bladdeis. Shake out others into 
a diop of spirit, covei, examine and sketch Note the large cell and the 
small enclosed gioup of the stalk- and body-cell Careful examination will 
reveal one or two ot the crack-like vestiges of the temporary cells 
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Other cones are found on the pine which m conti adistmction to 
the pollen-cones aie called seed-cones Like die foimei they aie 
found among the dwarf shoots at the ends of the blanches, but 
while the pollen-cones aie found m groups leplacing gioups ol dwaif 
shoots, the seed- cones occur m small numbeis and aie loimed at 
the end of the annual growth replacing lateial shoots of unlimited 
growth The pollen-cones peisist only foi a single season and then 



Fig. 65 — Pmus silvestns , young 
seed-cone surrounded by short 
shoots, x 4 



Fig 66 — 'Finns silvestns young 
seed cone, longitudinal section, 
x 37 c s seed-scale (carpel) , 
e } embiyo-sac , l t bract-scale , 
0, ovule (megaspoiangium) , 
5, scale. 


fall off, after the pollen is shed, leaving a bare legion on the stem, 
while the seed-cones lemam attached foi thiee seasons, and aie to 
be seen in the hist, second and thud }cai of then development 
adheiing to the same branch sepaiated fiom one another by a 
season’s giowth Duiing this development their appeal anoe 
changes piofoundly The young seed-cone is found beside the 
apex of a branch, it resembles a small green bud and is egg- 
shaped. As it grows its green becomes tinged with eiimson, and 
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Lecture XXIV \ 


205 


by ]une in the first year it is an egg-shaped body about half a 
centimetre long and about 025 cm in diametei It is attached 
by a shoit stalk dose to the apex of the supposing stem The 
stalk is comparatively stout and is piolonged upwaids as a succulent 
axis to the cone On it are set some sixty or seventy small wedge- 
like scales ananged lound the axis m a senes of spnals These scales 
ate called carpels They are at fust of a succulent consistency 
Closci examination oi the carpels shows that each is composed of 
two paits, the laige, fleshy wedge-like scale and a small spui-like 
])iojection spnnging from its base and united to its undei suiface 
On the uppei surface of the laigei scale neai its base and on each 
side of its middle line is a lounded 01 egg-shaped body, the ovule 
Latei on, this ovule becomes the seed and hence the fleshy scale is 
often called the seed-scale, while the small spui-hke scale is termed 


the hi act-scale It may be men- 
tioned that in some tices similar to 
the pine the bi act-scales aie 1 da- 
tively much laigei, thus in the 
laich they project beyond the 
seed-scale and in the fu the 
seed-scale seems to be an ex- 
crescence upon the bract-scale 
In fact the whole carpel might be 



A B c 


compaied to the leaf of Selagmella Fig. 67 —Ptnus silvestns, seed-scale 
subtending a sporangium, the (caipel). A, seen from above , B, 
i i ~ irom below , and C, from the side 

seed-scale conespondng to the ovules ,■ blacUs ’ cale 

ligule dispropoilionately enlaigecl 

At the distal end of the piecedmg year’s growth aie found seecl- 
cones which are one year old , they are some 4 01 5 enrs long , they 
aie gieen in coloui and instead of standing out elect fiom the sup- 
porting bianch then apex is turned downwards by the cuivatuie 
oi then stalk The spaces between the carpels have been closed by 
the growth of the latter and now the outci ends of the carpels fit 
closely and coheie together, so that one sees only the outei ends 
of the seed-scales They appeal as quadrate aieas on the suiface 
of the cone and each is laisecl in its middle so as to resemble a 


low blunt pyramid When the carpels of the cones in this stage of 
development aie examined, then seed-scales are found to be much 
enlaigecl and fleshy though somewhat tough sliuctures. The 
bract-scales on the othei hand have not developed and aie only 


found with chfficiV ^ r- as minute tongues 01 spins at the 


innei end of the < a in '1 .< ovules have much increased in size 
and arc* easily visible as egg-shaped whitish masses 3 or 4 mm in 



2 o6 


Practical Plant Bio log i‘ 


length Then outer ends seem embedded in the scale while then 
pointed inner ends project fiee fiom it and ,nc dace It'd Um.rnls 
the axis of the cone at the side of the aUiuhnwiil oi the sink' to 
the cone This pointed end is often tipped with hi own 

The cones which are two yeais old me lound just below the 
growth of the preceding year They are biown and woody, but 
have not grown fuithei in sue Then stalk is stuught ami the 
scales are widely diveigent fiom one anothei By this turn' the 
ovules have become seeds and some ot them aie very piolubly 
aiteady shed. The seeds aie largei than the ovules and they me 
brown in colour They aie coveied with a haul coat to wlu< b is 
attached a brownish semi-transparent wing immed hom sonu ol 
the tissue of the uppei suiface ot the seed-scale which has adhcied 
to the seed and detached itself fiom the seed-scale. This wing 
delays the fall of the seed when shed from the (one, and makes it 
easily wafted about by air-cunents 

The ovule on the seed-scale consists of a small mass ol tissue 
called the nucellus Hound this, a collar ol tissue develops which 
grows up over it and almost completely covers it, leaving only a 
small passage leading down to the nucellus Thu covering is 
called the integument and becomes the seed-coal, the passage 
penetrating the integument and leading to the mieelhis is allied 
the micropyle The micropyle is diiected towards the axis of the 
cone and slightly away from the middle line of the upper suiface 
of the carpel One of the cells centially placed in the gi owing 
nucellus elongates parallel to the axis of the nucellus and divides 
transversely into four One of these four grows rapidly, while it 
crushes and partially absorbs the remaining three and other sm- 
roundmg cells This enlarging cell is known as the embryo-sac 
As we shall see, it is m reality a megaspoie Thu megaspme con- 
tinues to enlarge so that its protoplasm is lednrnl to a lining ad- 
hering to the wall Meantime its nucleus divides and this division 
is succeeded by divisions in its pioducts The numerous nuclei 
so formed aie distributed in the layer oi cytoplasm lying against 
the wall of the megaspore oi embiyo-sac, Cell-walls now begin to 
be formed and separate the supeificial nuclei into cells. The un- 
enclosed nuclei continue to divide and the cytoplasm inneases in 
bulk, gradually invading the central vacuole. With the continuance 
of cell-division the whole cavity of the embiyo-sae is ultimately 
filled with tissue, which is called endospeim During this time 
the nucellus is considerably encroached upon and distorted by the 
growth of the embryo-sac It is finally i educed to a conical cap 
of cells covenng the top of the endospeim, Thu apex of this cap 
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is immediately underneath the miciopyle Eaily 111 the second 
year of the cone the endospeim is thus an egg-shaped mass occupy- 
ing the gieatei part of the ovule About this time ceitam cells on 
the sui face of the endospeim giow in si/e These cells are about live 
or six in numbei and aie situated lound the pole of the endospeim 
which is neaiest to the miciop)le These each divide into an 
mnei and outer cell * fiom the foimei an ovum is developed and 
the lattei pi educes the shoit neck of an archegomum Evidently 
the endospeim is a gametophyte and the cell in which it develops 
is a megaspoie quite compaiahle with that of Selagmella The 
ovum glows lapidly in si/e, and the adjoining cells oi the gameto- 
phyle cliffeientiate as a capsule 01 ventei enclosing the ovum, and 
convey to it the necessaiy matenals foi its giowth The cells sui- 
lounding the auhegomum glow up louncl the neck, so in this way 
the lattei finds itself at the bottom of a slight depiession The 
ovum, which by tins time has giown so as to be about 1 mm in 
length and is consequently easily visible to the naked eye, contains 
a laige nucleus which is located m its uppei end neai the neck 
This nucleus now divides just as the nucleus of the ovum of the 
aichegomatcs divides in prepaiation foi feitilisation In this 
division a small lenticular mass oi piotoplasm is sepaiated im- 
mediately below the neck It contains one segment of the 
nucleus and foi ms the vential canal-cell, while the othei segment 
persists as the nucleus of the matuie ovum which now awaits 
feitilisation 

To under stand how feitilisation is effected we must return to the 
pollen which has been shed horn the pollen-cone. This dust is 
scatteiecl abioad in gieat quantities so that some of it falls on, or 
is wafted to, the ends of all the blanches m the neighbourhood of 
the pollen-cones. Some falls on the young seed-cones standing 
eiect at the top of the cuirent season's giowth. The carpels of 
these aie diveigent and some of the pollen -guuns find then way 
down between them to then base. Heie they aie detained by a 
chop of sticky fluid exuded fiom the miciopyles of the immature 
ovules As this fluid decreases by evaporation 01 absoiption the 
pollen-gtams aie diawn by its leti eating suiface thiough the 
nueiopyle and aie left adheiing to the suiface of the nueellus 
The tube-cell ol the pollen-giain now bulges out and presses into 
the top ol the nueellus, fmnly anehoiing the grain there The 
(xu pels of the rone close the spaces between each othei by their 
giowth and thus the pollen-giains aie completely shut m fiom 
adveise conditions and icmain quiescent dming the autumn, 
wmtei and spiing 
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In the spnng and eaily summei the megaspoie, as we have 
seen, geimmates within the nucellus and becomes filled with the 
tissue of the gametophyte (piothallus, endospeim) and fotms its 
archegonia During the geimmation of the megaspoie the pollen 
lecommences its development The tube-cell pcnetiates moie 
deeply into the nucellus and the body-cell breaks away fiom the 
stalk-cell. Its cell-wall disappear and it divides to foim two cells 
which pass into the hypha-like tube-cell giowing though the 
nucellus towaids the aichegoma in the gametophyte These two 


m 



Fig. 68. — Pmus sdnestns , 
ovule at time of fertilisation, 
longitudinal section, x 18 
e , endosperm , i , integument ; 
m, micropyle , n, nucellus , 
o , ova ; p , pollen-plant 


cells, as then subsequent lu stoiy shows, 
aie the speims oi male gametes 
r Fhey are conveyed in the pollen-tube 
to the neck of one of the aichegoma 
and when the tube foices its way be- 
tween the neck-cells, its tip becomes 
dissolved and the two speims along 
with the other nuclei ol the pollen- 
tube pass into the ovum The nucleus 
of one of the speims fuses with the 
nucleus of the ovum and fertilisation 
is effected 

Evidently we should legaid the 
fihfoim growth fiom the pollen-guun 
as a male gametophyte which develops 
parasitically on the nucellus, and when 
matuie pioduces the speim-cell which 
fertilises the ovum. Thus the two 
gametophytes of the pine are veiy 
diminutive m size and parasitic m 
their nutation They both leach 
matunty one yeai aftei the gci mi na- 
tion of the spoie 

The nucleus of the oosperm divides 
immediately into two and then into 
foui 1 hese foui nuclei move to 


the basal end of the oospcim and 
become shut off fiom one anothei by cell-walls. The foui cells 
so formed each gives use to a filament of four cells. The cell 
of each filament fuithest fiom the neck ol the aichegomum becomes 
an embiyo and the lemaimng pait of the filament elongates rapidly 
and is called the suspensor It has the function of pushing the 
gi owing embryo more deeply into the sunoundmg gametophyte 
(endospeim) accoiding as the food materials in that tissue become 
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exhausted In this way {0111 embqos maybe foimedhom the one 
oospeim only one ot these, howevei, continues its development 
The otheis ate absoibed along with the mateiial of the endospeim 
by the successful one In some othei romieis the four cells 
below the suspensois cling togethei and jointly give use to one 
cmbiyo 

The cmbiyo now develops into a oylmdncal mass of cells, lying 
lengthwise in the ovule which is now becoming the seed The 
blunt end oi this cmbiyo is turned away fiom the nuciopyle and 
becomes the giowmg legion of its developing stem, and louncl it 
glows a ci own of embiyonic leaves — the cotyledons — about twelve 
in number 'The othei end of the embiyo becomes the loot, 01 
ladicle, and is eoveied by a huge loot-cap Round the embiyo 
and in close contact with it, is the gametophyte 01 endospeim, 
which has by this time absoibed most of the nucellus The only 
lemnant of this latter is a papei-like membiane intervening between 
the haicl seed-coat and the gametophyte In this condition the 
seed is shed fiom the seed-cone and by means of its wmg is boine 
on the winds often to consideiable distances 

Aftei a period of quiescence the seed geiminates if suitable 
conditions pievail The embiyo then iccommences its giowth 
and, absmbmg the food mateiial stoied in the endospeim and 
luptuung the seed-coal, pushes out its ladicle thiough the micio- 
pylai end ol the seed The stem below the cotyledons elongates 
while the cotyledons lemam in the seed and diaw out the supplies 
which it contains Finally when all the stoics aie exhausted the 
seed-coat is shoved off and the cotyledons expand, and the seed- 
ling stalls on its independent life 

The shoit study we have devoted to the life-histoiy and sUucluie 
of the Scots 1 Pine, insufficient though it be m many lespects, 
leaves us in no doubt as to them being a geneial similanly between 
the tiee and the comparatively small feins Aspidium and Selagmella, 
The general manner in which they aie consti noted and the 
peculuu metamoiphoses which they undeigo aie fundamentally 
similar m both cases. 

An alternation of gcnciations has come to light m the life- 
history of the pine The fact that the gametophyte generation is 
wholly enclosed 111 the spoiophyte lendeis this less evident, but the 
study of the ongm and development of the pollen-giams and embiyo- 
sacs establishes beyond doubt that tire former are homologous to 
the microspotes and the lattei to the megaspoies of Selaginella 
Thus the Pine is heteiospoious. Fuithei, the pollen-tube and its 
contained cells aie evidently homologous to the male gametophyte 

14 
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just as the endospeim contained in the mogaspoie ot enibiyo-sac 
is homologous to the female gametophyte of Selagtnella The 
female gametophyte of the lattea possesses (hloioplasts and 
produces rhizoids and consequently is at least paUly independent 
and self-suppoitmg, but the male gametophyte is dependent lor its 
supplies thioughout its short life on the stores laid up by the 
spoiophytc Neither of the gametophytes ot the pine show any 



Fig. 69 — Pmus silvestn s y seed 
longitudinal section, x 9, a, 
seed-coat; b , endosperm, c % 
cotyledons, d } loot, e, sus- 
pensor 



independence of the spoiophyte, but both, like the male game- 
tophyte of Selaginella, are wholly dependent on the spoiophytc foi 
their food The dependence even appears to go fuilhei, loi both 
requite in addition the nursing attention of the living cells ol the 
patent sporophyte to admimstei the food to them. Then attitude 
towards the sporophyte may thus be compaied to that of a eluld 
towards its nurse 01 of a parasite towaids its host. Evidently 
while the sporophyte has gained in importance and complexity the 
gametophyte is reduced m size and independence. 
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The increase in the piopotiional si/e and in the complexity of 
stiuctme of the spoiophyte lias resulted m giving to the pine 
a vastly more efficient equipment foi life on the land The 
mechanical anangement of its parts and the details ol its stiuctuie, 
internal and external, enable it to cariy on its life undet the 
oidmaiy conditions on the land even when exposed to diy atmos- 
pheuc conditions and a relatively small supply ol watei in the 
soil 

This complete equipment ol the sporophyte foi life on the land 
would be useless if, as m the case of the Fein and Mosses, the gameto- 
phyte leqimed aquatic conditions foi the passage of the sperm to 
the ovum. The ability of the male gametophyte to live as a 
paiasite on the nucellus and the letention ot the female gameto- 
phyte within the ovule enable this generation to dispense with 
aquatic conditions while the speim cells aie tiansmitted through 
the tissues of the sporophyte in the pollen-tube to the ovum The 
possibility of this state of things is led up to, as we have seen, m 
a species of Selagmella where the miciospoies fall on to the 
megaspoics beloie they are shed fiom the megaspoiangmm, and 
the fertilisation of the female gametophyte is effected theie In 
the heteiosporous Pine the connection of female gametophyte and 
the megaspoiangmm is more complete and moie prolonged. 
Theie the inner tissues of the ovule 01 megaspoiangmm remain in 
nutritive contact with the megaspoie (embiyo-sac) throughout its 
geimmation, its development and sexual maturity Even latei 
during the development and early differentiation of the embiyo 
this connection is maintained and is continued, till both the 

gametophyte and the tissues of the aie finally 

disintegrated by the germination of 1 ■ retention of 

the lemale gametophyte in the megaspoiangium and the continued 
nutritive connection between the two till the independence of the 
embryo is established constitute the really impoitani characteristics 
which distinguish Seed-Plants hom the present fans It is a point 
of the highest interest that this distinction was not always maintained. 
Numbeis of fossil heteiospoious fem-like plants have been found 
having these characteristics They belong to an ancient floia and 
date as far back in the Edith's histoiy as Paleozoic time These 
plants have died out m moie lecent periods, and have left a gap 
separating the present ferns and the Seed-Plants. 

Fiom another point of view the seed is a most remarkable 
stiucluru. In its tissues aie found an epitome of the whole life- 
history of the seed-plant Its coal and remnants of the nucellus 
are portions of a spoiophyte : the embiyo-sac and endosperm 

1 4 * 
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lepiesent the gametophyte , the embiyo enclosed m these laltei 
is the new sporophyte In the seed, then, we have lepiesented 
three generations, to these we must add the lemnants o f a fourth 
individual, the pollen-tube 01 male ganietophyte, which peisists 
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Fig 71 —Diagram summaiismg the life-history of Selaginella 
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Fig 73.— -Diagram summarising the hfe-hi&toiy of the Pine 

m the nucellus after feitihsation It is a megaspoiangium con- 
taining a megaspore, a female gametophyte, an embiyo-sporophyte, 
and the lemnants of a microspoie and male ganietophyte. 

I will now chalk upon the blackboaid a diagrammatic scheme 
summarising the life-histones of Selaginella and the Pine Tice, 
which you will find helpful 111 understanding the homologies and 
relations of then various paits 
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The heteiospoiy of Selagmella. produces a slight diffeientiation 
in the later stages of the sporangia The four huge megaspores 
distoit the shape of the containing spoiangium, so that as the 
spoies come to maturity it is distinguishable fiom the smaller and 
smoother nnciospoiangium The differentiation of the sporangia 
is much more complete in the pure, and theie is little similanty 
m foim between the nuciospoiangia 01 pollen-sacs and the mega- 
spoiangia or ovules Furthermore, the leaves with which the two 
kinds of sporangia aie associated are widely different in form and 
are easily distinguished as caipels 01 megaspoi ophylls and stamens 
01 microspor ophylls As in Selagmella the spoi ophylls aie giouped 
together on axes to form cones 01 stiobih but, while m Selagmella 
the miciosporophylls and megaspoi ophylls occur togethei 111 the 
same strobilus, 111 the Scots Pine they aie sepaiatc and foim micio- 
strobili (pollen-cones) and mega-stiobili (seed-cones) In othei 
pines these two lands of stiobili occur on diffeient tiees or sporo- 
phytes, and thus theie is a differentiation into microsporophytes 
and megaspoi ophy tes 

Thus we may tiace in the Aichegomates and Seed-Plants a 
senes beginning with the simple differentiation of the sexual cells 
foimed on the same gametophyte as is found m Aspidium, passing 
to the differentiation oi not only the gametes but also of the gameto- 
phytes, and finally leading up to those cases where two kinds 
of spoi ophy tes aie developed as well as two lands of gameto- 
phytes 

The comparison of the individuals belonging to these diffeient 
gioups, the tniung of then lile-lu stones and the establishment of 
the various homologues exhibited by each has contributed much 
to the philosophy of botany, and has conti oiled speculation by 
exact knowledge 

The occur icnce of the alternation of generations m so many 
diffeient gioups of plants, its modifications and the extiaoi dinar y 
glaciations connecting these modifications with one another con- 
stitute a problem winch evei and anon obtrudes itself on the re- 
flecting mind. Why should the life-histones of the different 
groups of plants resemble each other m theii broad outlines? 
Why should intermediate forms be found connecting the most 
diverging extremes? What is the underlying principle responsible 
for the existence of homologues ? 

Although we aie still fm fiom a complete answer to these 
questions, the endeavour to find a solution for them has con- 
tributed, as we shall see later, some of the most elevating specu- 
lations of biological science 
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Sketch the end of a bianch of Pinns nlvcshn, cut in June n( three 
seasons’ growth, and with seed-cones attached to the terminal pot turns dt 
each increment. 

Cut a green cone of the down its axis with a sharp 

knife. Sketch the smooth cut the axis, the soul- and bract- 

scales, and the ovules 

Isolate a single carpel and draw it from its uppci and its lower aspect, 
showing the point of attachment, the two ovules on the uppci snrlace, tnd 
the minute bract-scale on the under surface 

Make several median longitudinal sections of the ovules passing tlnmigh 
the micropyle From a comparison of the cleaiest make out the position of 
the integument, nucellus, female gametophyte (endosperm), and tuUiegoiua 
with their large ova. Notice also the inroads of the n 1 1 

into the pointed end of the nucellus and the downwaul 
tubes towards the archegonia Record these observations in drawings. 
Estimate the actual size of the gametophytes and the ovum by means of the 
Ghost-micrometer. 
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Seed-plants are divided into two gieat subdivisions The hist 
comprises plants resembling the pine, and they bear their mega- 
spoiangia 01 ovules quite exposed so that the miciospoies may be 
earned diiectly to the nucellus In the second subdivision the 
ovules are completely enclosed in a capsule formed by a single 
megaspoiophyll (caipel) 01 by seveial megaspoiophylls cohenng 
together In this case the pollen-giam itself does not leach the 
ovule but is ariested by a special receptive portion of the carpel. 
Theie it germinates and produces a tubular gametophyte for 
tiaversmg the tissue of the carpel as well as that of the nucellus 
The first subdivision is called the Gymnospeims , the second, the 
Angiospetms 

To illustrate the salient features of these Angiospetms we select 
two examples The fiist of these is the Butteicup Any land 
of Butteicup will serve out purpose, but perhaps Ranunculus 
bulboms or Ranunculus repens are the most easily obtained. 

The plant is herbaceous and its leaves, stems and roots are 
easily iccognised In the case of R. bulbosm the upnght stems 
spang fiom a bulbous mass fiom the lower side of which many 
coid-like roots glow. The larger gieen leaves, which aie com- 
paratively soft and hairy, aie attached to the top of the bulb by 
then somewhat baity guttei-shaped stalks. The uptight stems 
beat smallei leaves with shod widened stalks; then blanches 
terminate in flowers The leaves aie subdivided into three leaflets 
(pinnae) and these aie fiuthei so V i p ' enV led as to form leaflets 
of a second order (pinnules) lu \e\ . i k is continued upward 
and forms a rachis connecting the pinnae together, and ribs on the 
pinnae and pinnules xun down and pass into the lachis 

The upright stems are tapering cylinders. They are hollow and 
tubular, as may be readily seen by cutting them across. The 
wall of these tubular stems is a few millimetres thick, and is com- 
posed of the fundamental tissue and of the vascular bundles. 
When cut across the fundamental tissue appears a translucent 
green, slightly darker towards the outside Embedded in this are 
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whitish cords much tough ei than the fundamental tissue* 'Huso 
are the conducting tiacts 01 vasculai bundles It is possible to 
isolate one of these coids and pull it out ol the sollci fundamental 

tissue and tune it npwauls 
01 clowmvaids in the stem 
Muioseopu investiga- 
tion ie\eals the tnu*i details 
ol stuutuie. I feu* <ts in 
the ends ol tin* blanches ol 
the Pine the fundamental 
tissue is divisible into 
codex, medullaiy ta) s and 
pith, The smfuee ol the 
stem is ioimed hy an c*pi 
claims, one layet of tells 
thick 'The oulei walls of 
these cells are eoated tnei 
with thm cuticle, width 
fomis a moie oi less watei- 
pioof and impel tunable 
membinne ovei the whole 
stem. The uitielt* and tlu* 
epidenms aie pet funded 
heie and tlieie with 
stomata, each gtuided by 
a pan ol <u*!ls These 
guatd-cells .tit* the only 
eells ol the epidenms 
which possess ehloiopiasts 
The othui rcdls ol the* epb 
cleimis an* eolmnless. 
Usually oiu* can sec* a 
nucleus and a lining film 
oi cytoplasm in each 
Heie and them isolated 
cells of the epidenms glow 
out at light-angles to the 

like hairs Withm the epidermis is the cortex! 8 lUs'lSmwT ot 
thm- walled cylindrical cells, with lounded ends, .set paiallel to (he 
axis o f the stem These cells contain the usual cytoplasmic Inline 
m which are embedded a nucleus and many chloioplbls A hum- 
vacuole occupies the middle of the cell. Between these eells ate 




Lecture A TF, 


217 


conspicuous intci cellulai spaces, which me moie striking in the 
neighbouihood of the stomata The cells of the decpei layeis of 
the cortex aie pooier in chloioplasts, and close to the connecting 
tracts its cells possess few oi none , but they often contain numbeis 
of staich gianules The cells of the medullary lays and pith die 
similar to those of the innei coitex, and sometimes contain even 
larger amounts of staich The cells ol the pith extend foi only a 
lew layeis inside the conducting tracts, the whole axial legion of 
the stem being occupied by the cential cavity 



The conducting tuicts or vascular bundles foim veiy distinct 
couls of tissue tiavcrsmg the fundamental tissue in a longitudinal 
direction They are foimcd like those in the young Pme stem of 
two parallel strands— the wood (xylem) and the bast (phloem) 
These tracts stand out more horn the sunounding tissues than do 
those of the young Pine stem. This is chiefly due to the fact that 
each tract is enclosed m a tubular sheath of tough and fibrous 
tissue — the bundle-sheath. But the most important difference 
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between these conducting tracts and those of the Pine is that they 
do not possess a layei of cambium between the bast and the wood, 
and hence these bundles do not giow in thickness. The dividing 
cells of the piocambial tracts diffeientiate completely into wood, 
bast and fibious bundle sheath leaving none ovei to develop as 
cambium Bundles or conducting tiacts which like these have 
no cambium aie called “ closed bundles” in conti adistinction to 
those which continue to giow m thickness, which aie called “ open ” 



Fig. 75 — Ranunculus repens , conducting tract of stem, transverse section, 
x roo b , bast, c, cortex: m , pith ; px, protoxylem; r, medullary ray , 
5, sheath , wp f wood-parenchyma ; x, tracheae of wood. 


In geneial it will be found that trees and shrubs have “open” 
bundles in their stems and roots, while plants with “closed” 
bundles remain herbs. The vascular bundles of practically all 
leaves aie “closed” 

The bundle-sheaths appear to discharge the functions of a 
skeleton, i e they support and protect the soft tissues , but their 
exact idle m these functions is not perhaps at first sight obvious. 
The cells forming the sheath are long nariow spi idlc-^hripi <1 cells 
Then walls are very thick, so that the cavity ol t m rc U i- gieatly 
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1 educed They ill togethci closely and then tapering ends overlap 
one another for a consideiable distance The total cioss section 
of the ensheathmg tube enclosing the conducting tract is small 
Its greatest diameter does not exceed o 5 mm Hence, by its 
own stiffness it contnbutes little to the ngidity of the stem Its 
stiffness is fuither lessened by the fact that it is always extiemely 
reduced m thickness and often even discontinuous along two lines, 
one at each side of the conducting tiact The fact is the sheath 
is not constructed to oppose transverse stresses, under which it is 
quite flexible, but to take up and resist longitudinal sti esses It 
is a tension member, while the cells of the fundamental tissue, dis- 
tended by osmotic piessmc, foim the compression member of the 
rigid system Thus m the rigidity which enables the stem to 
stand eiect the bundle-sheaths play a part analogous to the 
muscles of the human body, while the fundamental tissue has the 
idle of the skeleton The case is paiallel to that of the leaves, 
which we have already noticed, and may be similarly demonstrated 
Destroy the resistance of the fundamental tissue to compiession, 
and without altenng the mechanical properties of the sheaths, the 
stem collapses As we have seen, this may be accomplished by 
lendcung the piotoplasm of the cells peimeable by poisonous 
vapouis oi by heat A pioteclive function of the sheath is exer- 
cised on behalf of the strands of the conducting tiact and especially 
m favour of the bast The outer section of the sheath foims an 
arched tunnel in which the bast is protected fiom the piessuie of 
the cells of the cortex, which ai times, owing to the bending of the 
stem, may be consideiable. The woody tubes aie bettei adapted 
by then own structuic to resist this piessuie, and hence the mnet 
half of the bundle-sheath is less developed 

As we have seen, the general anangement of the tissues in the 
matuie stem of the Bulteicup lesembles that of the young stem of 
Pinus Changes take place subsequently which make the structure 
of the oldei stem of the Pine moie complicated. Hence, we might 
expect the tissues of the stiands of the conducting tiacts would be 
less complicated than those of Pinus. Microscopic obseivation 
does not confum this surmise The constituents of the bast and 
wood tissues of ‘Ranunculus aie more vauous and more diffeienti- 
ated from one another than those of Pinus. 

The bast is divisible into the piolophloe 1 > " * bast The 

foi mer lies next the outei sheath It is ■ x > ' i hm-walled, 

elongated, tubular cells, all similai to one anothei, and containing 
a watciy sol of proteins enclosed by the thin film of piotoplasm 
lining their walls. The piotophloem is a very thin stiand containing 
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about a dozen or less of these nauow cells in its cioss section 
The constituents of the pnmaiy bast aie of two kinds — wide 
prismatic tubes and nanow cells The former have tiansveise end- 
walls They aie lined with a protoplasmic layei of gieat tenuity 
and contain a wateiy protein-sol and dissolved sugais In the 
protoplasmic him may be detected small fiagmcnts of nucleai 
substance, and also minute staich giains The end- walls of these 
tubes aie perfoiated and act as sieve-plates Through these per- 
forations the contents of adjacent sieve-tubes aie continuous. 
Often sieve-plates aie foimed on the longitudinal walls wheie two 
tubes are m contact with one another The othei constituents ol 


s 



Fig. 76. — Ranunculus repens , conducting tract, longitudinal section, x 250 
b t bast, c ) cortex, m, pith; px, protoxylem , s, sheath, wood 

the pnmaiy bast aie the companion cells They lie between the 
sieve -tubes, and are of the same length as they aie . but in cioss 
section they aie much smaller Their walls aie equally thin, but 
their cavities are practically filled with protoplasm, leaving no 
visible vacuole A large elongated nucleus completes their contrast 
with the sieve-tubes A few flat tubular cells of equal length with 
the sieve-tubes he on the inner surface of the bast They are 
procambial cells, which have failed to diffeientiate and have lost 
the power of dividing 

The wood or xylem, like the bast, is composed of two paiallel 
filaments. That nearest the axis of the stem is the protoxylem 
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Jl is made lip of very nanow tapillaiy tubes The walls of 
these tubes are lignified, and internal thickenings die to be seen on 
them These thickenings in the piotoxylem have the foim ol 
spual bands oi imgs The two forms often merge into one 
anothei, even in the same capillaiy tube The length of these 
tubes is sometimes considerable, but they appeal always to lemain 
limited by the length of the oiigmal cell winch pioduced them. 
Then piotoplasm does not peisist but then cavity is noimally 
filled with water or dilute solutions Consisting of the empty 
walls of single cells they aie tracheids Outside the piotoxylem is 
the stouter filament, composed of the pnmaiy wood. The pumary 
wood is built up of the following constituents (x) Tiacheids 
uithei shoilei than those in the piotoxylem make up the gieatei 
pait of this tissue Then walls aie modeiately thick and lignified, 
and they aie studded over with veiy minute boideied pits, smallei 
but essentially smulai to those of the Pine When the walls of 
the tiacheids aie veiy thick the tiacheid is called a fibre (2) 
Vessels, very long tubes with lignified cell-walls which aie 
closely covered with pits To the formation of the vessels 
seveial, 01 many, cells conti lbute : as then side-walls become 
lignified and pitted their end-walls aie absoibcd, and so a con- 
tinuous cavity is foimed by the throwing together of a linear 
senes of cells Between and lound about the tiacheids, hbies and 
vessels aie found (3) ShoiL prismatic cells with walls more 01 less 
lignified and letaimng then cytoplasm and nucleus These foim 
the wood-paienohyma Theie is often a layer of wood-paienchyma- 
eells round each of the laigui vessels This layer is frequently 
mteiiupted where the vessels come into luteial contact with one 
anothei 01 with tiacheids 01 fibies The location of the spual 
and annulai tiacheids in the piotoxylem is doubtless to be 
associated with the fact that they aie developed fiom the piocam- 
bium, while the stem is still elongating Those foi ms of thicken- 
ing manifestly easily accommodate themselves to this extension 
The continuous thickening of the pitted walls occurs consequently 
only in that pait of the wood which is foimed subsequently to the 
peiiod of great elongation, and we actually have a lecoid ol the 
change m the late ol elongation ol the growing stem m the separa- 
tion of the turns of the sphal thickenings. The innermost 
tiacheids of the protoxylem have veiy steep spnals, while in the 
outer ones the spnals aie flat and the turns dose togethei 

In the veins of the leaf there aie conducting tracts quite similar 
in stiuctuie to those of the stem. They aie, however, moie ic- 
ducecl in size not only by the diminution in the numbers of 
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elements composing them, but also by the induction in si/c o| (ho 
elements themselves The veins bianch repeatedly in tin leal, 
tapeung smaller and smallei, until they disappeui altogethei 
The conducting tracts mnning in them suffoi a sunilai dimimiUon 
and finally also lose themselves in the gieen tissue At then ex- 
treme tips the conducting tiacts consist of one or two sjuial 
tiacheids accompanied by a similai liumbei ol naiiow elongated 
cells representing the bast Thioughout the leal the* hast is on 
the under side of the wood, and this i dative position is letuined 
as the conducting tract, now rendered moic massive by the < onung 
together of the various branches, passes into the laehis and leal- 
stalk Five or six of these tracts enter the stem from each leal- 


stalk, and, after crossing the coitex, turn down the stem just out- 
side the pith The largest of the conducting tiacts, coming down 
from the middle of the leaf-stalk, entei among the tiacts a heady m 
the stem coming from higher leaves. They pass down a eonsidei- 
able distance in the stem befoie they meige with othei conducting 
tracts The lateral tracts of the leaves fuse immediately with the 
conducting tracts of the stem 


The green tissue of the leaf of the Butteicup is very distinctly 
differentiated into an uppei stratum of palisade-paienchyma and a 
lower one of spongy-paienchyma The cells of the latlei aic veiy 
irregular m form and are loosely put togethei, being m contact with 
their neighbour at only a few points Between them aic huge 
intercellular spaces As is usual, these spaces < ommumcate with 
the outside through stomata m the lowei epideums The cells 
of the palisade layer aie comparatively regulai m shape, being 
cylindrical with rounded ends Between them aie spaces which 
are continuous with those of the spongy-paienchyma The walls 
o these two layers of cells composing the mesophyll am thin 
ihe cells are green owing to the large number of chloroplasts m 
the layei of cytoplasm lining then walls In this cytoplasm a 
nucleus is also usually seen. The cells are tense and dgicl, owing 
to the osmotic pressure of the solutes m their vacuoles. The* meso- 
p yll is covered over above and below by the epidermis which 
resembles the epidermis of the stem. Stomata aic loi the most 
part found only m the lower epideimis. The veins containing the 
conducting tracts are composed of cylindrical cells lying paudtl to 

T nS ' The l0 ^ di » al walls 

t ens 10 n The finA 7 f° ng enou « h 10 lusiht a consulcublc 

bedded in f ° f the conducti ”K tracts arc cm- 

bedded in the upper layers of the spongy.parenchyma. 

e roots are developed inside the coitex ol the stem oi bull,, 
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and from the conducting tracts of the stem branches aie given off 
to supply them As these blanches pass out they undergo a twist 
and at the same time conveige togethei The protoxylem, which 
is mnetmost in the stem, passes to the outside of the wood in the 
loot, while the filaments of pumaiy wood di awing togethei occupy 
the axis of the root In this way a coie of pumaiy wood foims 
the axis oi the loot, while thiee, foui oi five lidges of piotoxylem 
inn along its sui lace In each gioove, between the ndges of piotoxy- 
lem, lies a stiand of bast A layei ot cells — the pencycle — coveis 
this eyhndei of conducting tissue and over all is a thick coating of 
coitex The inneimost layer of the coitex limits the conducting 



Fig 77 . — Ranunculus repens^ root transverse section, x 50. 
b, conducting tract , c, cortex. 

tiact and is known as the endodeimis The outermost layei pio- 
duees elongate tubulai cells projecting fiom its suiface — the loot- 
bairs. A loot-cap is formed covering thegi owing tip of the loot 
and facilitating the passage ol the root among the soil particles by 
the exuviation ol its outer dead ('ells, 

From the description just given of the anatomy of the Butleicup 
it will he evident that the conducting tiaets, 01 vascular bundles, 
aie the channels of hamper t putting the absoibing surfaces gf 
the loot into communication with the photosynthetic leaves. 
The watei enteiing at the root-hans cames with it various 
nututive substances in solution, deiived from the soil, and is 
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conveyed into the wood of the conducting stund of the loot 
Theie are special cells, passage (ells, in the endodeinns, opposite 
the proto Kylem filaments, which appeal to be e\< optionally pei- 
meable and facilitate this tiansit lire li action ol the evapoiating 
surfaces in the leaves draws the watei into the capillaiy tubes of 
the wood and upwaids thiough the wood ol loot, stem and leaf 
To undeistand how tins takes place it is neeessaiy to emphasise 
a piopeity of watei which does not commonly come undei 



Fig 78 . — Ranunculus rcftcns, conducting tract of root, tiansverse section, x 
175 b, bast, c, coitex , e, endodermis, fix, protoxylem , x, wood- 
tracheae. 


notice Watei is capable of tiansmitting a pull and undei 
suitable conditions may, by its tenacity, or tensile strength, be 
used like a lope 01 a wiie to diag a weight. This tenacity 
usually escapes om obseivation because the necessary conditions 
to allow it to come into force aie not lealisecl. 

* I have heie a glass tube about 80 cm. long and a centimetie 
in diameter It is bent into the form of a letter J and is furnished 
with a bulb blown upon the shoit aim. The capacity of the bulb 
is approximately the same as that of the long arm. The tube, 
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which is closed at the end of the long aim, is partly filled with 
water By inclining the tube the watei may be made to occupy 
the long aim and the bend Now if the tube be brought into 
an upright position the watei will remain in the long aim It 
is held there by the atmospheric ptessuie piessing on the surface 
in the shoit arm This is easily proved by attaching an air- 
pump to the shoit arm, and removing the atmosphenc pressure 


A - C 



Fig, 7q. — T- shaped glass tube, A, in vertical position, contained water lying 
hi the bend, B, inclined to bung the water into the long limb , C, m 
vertical position, the water being retained in the long limb by its 
cohesion and by its adhesion to the glass. 

Immediately the watei falls down out of the long aim and 
occupies the bend using to the same level in each arm In this 
second similai tube special piocautions have been taken to tree 
the inner suiface of the tube from giease, so that the watei 
will wet it and adhere to it Fuither, by piolonged boiling I 
have made ccitain that all dust particles in the water itself are 
also wetted. While the water in the tube was still boiling the 
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tube was sealed off by melting the nan ow steam-exit in a flame 
This last opeiation secured that veiy little an lemamed in the 
tube Hence the tube now acts as a watei-hammei, 1 e when, 
by inclining it, the vvatei is allowed to rush fiom end to end, 
its concussion makes a shaip metallic click Evidently veiy 
little air is left m the tube to act as a cushion and to soften 
this concussion If by inclining the tube the long aim is com- 
pletely filled with water and the tube is giadually uused again 
into a vetlical position, most likely the watei will behave just 
as it did when the an -pump was applied and will kill down 
into the bend of the tube Tf the tube is again gently inclined 
the long aim will fill up with watei, but unless the expulsion 
of ait has been veiy perfect a little bubble will peisist in it 
Now the tube is mveited and this bubble uses towaids the 
upturned bend, and it may be chased out into the space in the 
short arm When the tube is brought into the veitica! position 
for the second time, it will piobably be found that the long aim 
will remain filled with water, m spite of the inequality of level 
in the two aims The water in it is held in the same position 
as the water was held by atmospheric pressure m the fust ex- 
periment Here the atmospheric piessme has been lemoved 
and the watei is held m the long aim by its adhesion to the 
glass and its own cohesion 01 its tensile stiength, The weight 
of the lowei watei is suppoited by the cohesion of the column 
above it A sharp percussion at the bend will oveicome its 
cohesion, and the water, deprived of its suppoit, will fall into 
the bend of the tube The conditions foi this cohesion to 
come into play are the elimination of bubbles and the adhesion 
of the watei to a rigid envelope Evidently if theie is a single 
bubble in the water column, the sui face-tension of which is unable 
to sustain the weight of the water below, this bubble will be 
enlarged and enlarged until the column is broken acioss. Similaily 
if theie is any spot wheie the water does not adhere to the wall, 
a bubble will be foimed theie and the column will be bioken It 
is of intei est to notice that if we could enclose the bubble m a tiny 
cell, the outside of which would be wetted by the watei, the com- 
plete breaking of the column would be prevented It should 
fuithei be observed that, although undissolved air in the foim of a 
bubble, unless thus enclosed, breaks a tensile column of watei, ex- 
periment has shown that dissolved air does not destioy its cohesion. 

We will now turn our attention to the watei in the plant 
The moistened walls of the cells of the mesophyll lose watei 
into the spaces of the leaf To make good this loss watei is 
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diawn from the tracheitis ol the conducting tiacts The 
water in the tiacheids wets and adheres to their walls There 
are no bubbles m these tracheids, and consequently their wateiy 
contents aie in a condition to e\eicise then cohesion and to 
transmit the pull, generated by evaporation, to the watei 111 the 
neighbouring tubes, and similarly from these to the water lower 
down in the woody tubes of the leaf, stem and loot So the 
water is diagged up from the loots just as a rope 01 a wne 
might be 

In a small plant like the Butteicup the tension developed to 
nuse the watei in the plant is piobably insignificant But 111 
tali tiees the diag must be veiy considerable Not only must 
the weight of the < olumn of watei (it may be 200-300 feet 
m length), but also the lesi stance ol the nanow tubes and 
of the cross partitions must be overcome The cohesion of 
watei containing dissolved an, 01' its tensile stiength, has been 
shown to be about 300 atmospheres, 1 e about 4500 lb to the 
square inch, 01 310 kgm to the squaic cm So that even the 
pull required to dmw up the water in high tiees would not senously 
tax its stiength The sudden bendings of the stem, however, due 
to wind and possibly to other causes, will at times break the water 
columns in the tubes However, when bubbles 01 ruptuies are 
fanned they aie confined to the tracheal 01 vessel m which they 
are developed and thus they cannot spiead so as to cut across 
the whole water supply Evidently the subdivision of the con- 
ducting tiacts into the small tiacheids and vessels has this impoi- 
lant lesult that it confess stability on the stiessed watei From 
any othei point of view the subdivision must be a great disadvan- 
tage, intei posing as it does so much resistance to the movement 
of the cunenl The pits in the subdividing walls lessen this 
resistance as the thinner spots interpose less obstruction to the 
moving watei than does the thick wall At the same time the thin 
membranes aie not so sliong to pi event the luptuie spreading 
from the element which contains it The stiuctuie of the boideied 
pit is a mechanism to give the necessary strength to the membrane 
and at the same time leave its peimeabthty unimpaired When 
them is watei on both sides ol the membrane and the membiane 
occupies a median position, the resistance is low , but if a 
rupture in the watei develops on one side of it, the water is 
drawn away by the tension fiom that side, but adhering to the pit- 
membiane drags the tours against the dome In this position 
the dome, which is thick and woody, supports the thin membiane 
and the torus fills up the perforation in the dome. Thus the 
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suiface of the water adhering to these stim lines minus all 
the support of the thick pails ol the wall when a rupture <h< urn, 
while, as long as none develops, the resistance to tin* How is 
that of the thin pit membiane 

The lecognition that the watei using m the* vessels and tun holds 
is usually m a state of tension shows wh) it is udumtugc ous 
that the supports m these tubes should he of the hum ot in- 
ternal hoops and spirals Those are fm ms ol support jm ^ 
eminently suited to resist uushing (oiees such as the t<*nsih* ad 
henng water would exert It is mleiesting to note that while 
the strength of the tubulai woody walls and then mleinal suppnits 
are utilised to counteiact the tendency of the vessels and true In u\> 
to collapse, it is the osmotic picssuio exerted by the solutes whn h 
prevents the thin-wallcd mesophyll (ellshom erumpling m undm 
the tension. 


The evaporation, kept up fiom the leakvlls hy the mihm <»| 
heat theie, is by fai the most nnpoiiant factor in laising watei m 
the plant, but at certain periods, via early spring, when tin buds 
are opening, and befoie the leaf-cells can evaporate, and sometimes 
m waim nights when the moistuie of the ah < heeks evapotaiion an 
upward cunent of watei may be detected in tin* wood. This 
appears to be due either to the osmotic pressure of the soluh s m 
the wood of the root drawrng in watei and taisiug it in the stem 
or else to a pumping action located m tin* outer cells ol the toot' 
The action is spasmodic and temporary. The four exerted i 
called root-pressuie Probably its chief importance is to Umr 
water into those tubes where ruptures have ommed and so n 
establish the columns of watei which will transmit the tension to 
raise the transpiration current. 


PRACTICAL WORK. 
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less impel tneable Passage cells, the walls of which aie not cutimsed, are 
seen at intervals in the endodermis Within the endodermis 1 11 * ■* d 

tiact Its outermost lay ei is the pencycle, composed of small 1 < 

retaining then protoplasmic contents The vessels and tracheids of the root 
occupy the centre of the uoss section and appear in it as a stellate patch The 
pnmaiy wood fonns the cential part of this patch while the spiral tracheids 
of the piotovylem foim the tips of the lays of the star There are usually 
foui such rays of protoxylem 'I hey aie ladially opposite the passage cells 
of the endodermis, Ihe bast appears as nairow thin-walled elements be- 
tween these rays. 

The transveise section of the stem appears as a peifoiated disc, the greater 
pait of which is composed of fundamental tissue. It is bounded on the out- 
side by the epidermis The majority of its cells are almost square in trans- 
veise section Their outer walls are thickened and cutimsed Occasional 
tapering hans are seen which aie out-growths of single epideimal cells 
Unlike the loot hans their walls aie thick Within the epidermis are the 
cortex, medullary rays and pith The characteristics of the cells composing 
these tissues have already been described. The structure oi the vascular 
bundles and then sheath is easily made out. Careful drawings should be 
made of the whole cioss section under the low power showing the position 
of the bundles and of paits of the various tissues under the high powei. 

Drawings should also be made of the tiansverse section of the leaf, show- 
ing the characteristics of the epideimis, palisade and spongy paienchyma 

In addition to these sections, sections should be made of the stem of the 
plant whose roots have been immersed ui the eosm solution. They should 
be cut with a dry razor and transferred to a dry slide. Without covering 
them they should be examined with a low power. It will be seen that the 
eosm, which has enteied the loots, has been drawn up in the wood and 
occupies the cavities of the tubes of the wood. It stains their walls, and in 
time spieads to the adjacent tissues. The observation shows that the tubes 
are the water earners in the tract 
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Like the Pme the Butleicup icpioducex itself by means of seeds 
The seeds of the Buttercup are loaned in connection with the 
flowers The flowers aie pioduccd at the ends ol the btan< hes of 
the upright stem The ends of these Blanches tei inmate m a cone- 
shaped enlargement This is the axis 01 thalamus of the flowet 
on which the specialised floial leaves die mseited The le*ues 
belong to foui different categones 

The fixe or six outeimost 01 lowest die ovate and pointed , they 

aie attached by a bioad base to 


ft j the lower pail ol the cone-shaped 

.iU l Jj/j axis, wheie Us duimelei is great- 

2, fit eSt r ^ lc ‘y uu ‘ l >alci 8 K ‘ t>n * Bauh 

i lh Ga ^ C( * a s <‘P a l and they form 

f vlAm'M yjj / together a aide, at whorl, annul 

fi T l * ie axlS) known as the calyx. 

c — Jianimiulus but bosun then 

outei ends aie bent backwauls 

<L alon & iIl<J stulk ol the llowei In 

^ ^ X I R 7C P efn ea <'h is boat-shaped 

C K / and is directed obliquely up- 

' wants While the young flower - 

bud is developing the sepals 
Fig So — Ranunculus repens, flower, COvei it OVOl, and only when it 

loncntndinul G&rHnn ^ i * . . 


X g S?T^tam^L,pe t 7 als, 4 , 
sepals, e, axis showing conducting bend backwaids and open to 
tracts; /, ovules, allow the innei leaves to expand. 

Hence it is believed that then 
function is to piotect the soft tissues and immature oigans of 
the developing flowei 

IV ithin and above the calyx is the coiolla. It is composed ol 
the same mimbei of petals as the calyx has sepals. The petals 

a . r ?s att k C ied *? th ®, axis J Ubt a bove the sepals and they alternato 
with the sepa s They aie biilliant yellow, glossy on the tippet 
urface and dull beneath The yellow eolotii is due to a pigment 
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held m special piotoplasmic bodies, the ehiomatophoies, in the 
cells They aie nan ow at then base, by which they aie attached 
to the axis, and then distil end is expanded Theie is usually 
a cmved indentation on then 1 ounded outei end Just at the 
base on the uppei suilace theie is a minute pocket loimed by a 
scale attached to the petal, with its opening dnected upwaids 
The inside of the pocket is moistened with a sugaiy, viscid juice 
Veins may be seen minifying thiough the petals just as they aie 
visible in the foliage leaves 

Above the whoil of petals a laige number of lilifoim organs aie 
attached to the sloping side of the conical axis These aie the 
stamens. Then points of attachment aie ananged m spnal lines 
upon the axis Each stamen is iormed ol a tapering white stalk, 
the filament, beaung at its top an ovoid enlaigement, the anthei, 
yellow in coloui and with a deep longitudinal gioove On each 
side of this gioove is a bulging mass, the anther-lobe When the 
stamen is matuie each anthei lobe splits 01 dehisces longitudinally 
and emits a yellow powdei, the pollen 

The ongin ol a stamen is similai to that of a foliage-leaf It 
begins as a small lounded exciescence on the side of the axis 
formed of undiffeientiated cells. Giadually the distal pait of the 
exciescence enlaiges and the beginnings of the filament and anthei 
may be discerned In the anther a shallow, longitudinal gioove 
appears dividing it into two lobes The giowth of the tissue 
foiming the bottom of the gioove widens it and sepaiates the two 
anthei -lobes This tissue is called the connective In the con- 
nective and filament a small conducting tract is developed which 
makes connection with the conducting tracts of the axis In each 
anthei -lobe two columns of cells differentiate. The cells foiming 
them aie distinguished fiom then neighbours by then laigei 
nuclei, more granular contents and laigei size Round each 
column is a layoi of ciushed cells called the tapetum. The columns 
aie called the aichespona and give ia.se to the spoies or pollcn- 
giains. 'Hie component cells aie the pollen -mothei -cells, which 
aie similar in then chaiactenstics to the pollen-mothei-cells of the 
Fine and the spoic-mothei -tells ol the Aichegonmlas. As the 
aichespona mciease m size they come to occupy moie and moie 
ol the anthei -lobes so Lhat the stetile tissue ol each anthei -lobe 
sepaiatmg its two aichespona becomes a mu tow paiUUon, The 
nuclei of the pollen-mothei -cells divide twice and so give use to 
fom nuclei, Letiahed tally ananged in each cell. The cytoplasm 
segments to iotm round each of these nuclei a globulai mass 
This develops a cell-wall, the outei siuface of which is roughened 
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with minute tubercles of cutnuseci cellulose ISaih of the cells so 
formed is a pollen-gram While the pollen-gums me being de- 
veloped the filament of the young stamen elongates, and changes 
occui m the outer layeis of the anther -lobes The cells learning 
the tapetum are absoibed, appaiently being used up m the* loimu- 
tion of the pollen-grams and then walls The pollen-gums thus 
come to lie loose m the foui cavities — -the loin pollen-sacs - two m 
each lobe of the anther The supeifiual layeis of the 1 anthei loim 
the outer walls of these pollen-sacs, and aie composed of the 
epidermis and the fibious layei. The walls of tin* rolls of tins 
layer are thin but stiengthened by the deposit of fine ndges of 
ligmfied cellulose on then inside. These udges aie absent fiotn 
the outei wall They foim reticulations on tin* innoi wall, ami 


a 



FlG ' 8r .- Ranunculus repens , anther, transverse section, x 70, « connective * 
b, pollen-sacs, c m epidermis; d , fibrous layer, e, hue of dehiscence ’ 
/, broken partition between pollen-sacs, pollen-giains, 

they out along the radial walls ,n a nulutl duertion. It 

0flt7BBT 0d that , wlth th . IS foim of huppoil tile* ouU't walls 
of the fibrous layei are flee, with the loss of wate. in unenino 

crumple, while the mnei walls xemain ligid, Tim leads to a shun 
and to a tendency to a change in culture ( t£ w , < 1 

poUen-sac which rs leheved finally by the tearing of the wall The 

SStdTof thTemrtV mU °T m ih c J ocided weak coherence 

“ I " k The carpels have the S, £& * 
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two opposite sides The necks are tapering and obliquely bent 
Viewed bom one of the flattened sides, the body is un&ymraetncal 
and shows a bulge on one side This side (abaxial) is turned 
away fiom the axis while the neck 01 style is fust bent towaids the 
axis and Then turns outwaids The style laminates in a lough 
sin face formed of loundcd cells which seciete a sticky fluid This 
surface is called the stigma The swollen body of the flask-shaped 



carpel before fertilisation, trans- 
verse section, x 45 a, conducting 
tract in mid-rib , c , embryo-sac m 
ovule attached by stalk to the mar- 
gin (m) of the carpel , 0, loculus or 
cavity of ovary. 



Fig 83. — Ranunculus rcpms, car- 
pel, longitudinal section, x 13 
ft, pollen-giams germinating on 
stigma (s) , h, pollen-tubes pass- 
ing down style (r) , if, conducting 
tract in nud-rib of carpel , /, stalk , 
% , integument ; m micro pyle , n, 
nucellus of ovule ; 0 , cavity, or 
loculus, of ovary; p, embryo- 
sac , r, style , s, stigma , x } ovum 


carpel is called the ovaiy A cross section of the ovaiy shows that 
it encloses a cavity The wall of this cavity is a few layeia of cells 
thick and along that side of the ovaiy, which is turned away fiom 
the axis, is seen a lidge or vein in which a conducting tract urns. 
Theie is a gioove in the innei (adaxial) side of the ovaiy and on 
each side of the gioove a smaller conducting tiact is found, En- 
closed within the cavity of the ovaiy and attached to its adaxial 
side is an egg-shaped body, the ovule. It is attached by a stalk 
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which is bent back on itself wheie it enteis the ovule The ovi 
consists of a cential egg-shaped mass of cells — the nucellus 
enveloped in two coveungs, the integuments The mtegumei 
do not close over the top of the nucellus but leave a passage Icj 
mg to it This passage is called the nucropyle Owing to t 
bend in the stalk the nnciopyle is duected towaids the base of t 
stalk A conducting tiact runs fiom the base ol the nucellus do 1 
the stalk and joins one of the two conducting tiacts in the adax 
side of the ovaiy wall One of the cells in the axis of the nucel 1 
elongates and mcieases in size It divides into foui, and while o 
of these, the embiyo-sac, begins to glow rapidly, the lemumi 
thiee are crushed, as aie the other cells sunounding the embi) 
sac The glowing embiyo-sac to all appeaiance puts them tine 
contribution for its support 

When the supremacy of the embryo-sac has been cleaily esti 
lished its nucleus divides into two and the segments, moving 
opposite ends, subdivide again The foui nuclei thus pioduc 
divide again and so theie come to be eight nuclei in the sac — fc 
at each end So far no cell- walls have been foimed and the c 
is a coenocyte Now, howevei, three of the nuclei m the base 
the sac, 1 e the end furthest from the nucropyle, become separat 
off by cell- walls These aie called the antipodal cells Two 
the nuclei in the other (miciopylai) end apply themselves agai, 
the wall at that end and becoming the centies of two masses 
protoplasm are called the synergidas, while against them lesb 
third nucleated mass of protoplasm — the ovum The icmaini 
tw r o nuclei (polai nuclei), one from each end of the sac, move 
the middle and coming into contact with one anothei ultima! 
fuse togelhei and foim the fusion-nucleus 

The lowei outermost stamens aie the first to npen and deli is 
thus exposing their pollen on the open anthei -lobes This oec 
before the styles and stigmas of the caipols of the flowei hi 
emerged above the closed anthers of the uppei stamens 

Ripening proceeds fiom below' upwards and when the upperm 
anthers aie opening the stigmas of the caipels come to malm 
and aie coveied with the sticky fluid 

Vanous small insects, flies, beetles, and even bees \isrl i 
floweis ol the buttercup to gather the honey pioduced m i 
pockets at the base of the petals. In visiting the freshly opei 
flowers they rub against the ripe antheis and become dusted w 
pollen which they cany away with them as they leave the flow 
When they alight on a moie mature flowei, the under sides of tb 
bodies rub off some of the pollen thus acquued on to the stign 



Lectnie XX VI. 


235 


of the c'di pels, wheie it adheres These adheung pollen-grains may 
usually be seen if mature stigmas are microscopically examined. 

Just befoie the dehiscence of the pollen-sacs the single nucleus 
ol the spherical pollen grain divides into two and a protoplasmic 
partition develops dividing the giain unequally into a small len- 
ticular cell containing one ol these nuclei and leaving ovei the 
gi eater pait of the grain to be tenanted by the othei In this con- 
dition the pollen-giam is transfer! ed to a stigma by an insect It 
adheres among the papilla;, absoibs nutnment and immediately the 
larger ol its two cells begins to loim a tubular outgiowth This 
penetiates into the stigma and, passing down among those cells 
which foinr the style, emerges m the upper end of the cavity of 
the ovaiy The tube continues its path along the inner suiface of 
the ovaiy and makes its way to the base ol the stalk of the ovule 
Hcie it turns abiuptly towaids the miciopyle and enters it 
Thioughout its development this tubulai giowth absorbs food fiom 
the cells among which it penetiates I11 fact it behaves just like 
a paiasttic fungus During its passage the lentxculai cell detaches 
itself fiom the wall of the pollen-giam, passes into the tube 
and wandcis down after the nucleus ol the tubulai cell The pro- 
toplasm of the lenticular cell becomes elongated and its nucleus 
divides into two, which with the covering cytoplasm become two 
sperm-cells The two elongated sperm-cells pass by the pollen- 
tube nucleus By the continued giowth of the tube they aie 
hi ought thiough the miciopyle The tube, having loiced thiough 
what remains of the nucellus applies itself to the embiyo-sac At 
the point of contact the wall ol the sac and tube dissolve and the 
two speims passing the syneigidas enter the sac One fuses with 
the ovum and the othei with the fusion-nucleus 

The oosperm foimed of the united speim and ovum gets a cell- 
wall and pioceeds by nuclear and cell-division to lorm a short 
column 01 row of cells, fixed in the upper end of the embiyo-sac 
by one end and pi ejecting into the middle of the sac wheie it 
laminates m a globulai cell The latter is called the embryonic 
cell and the rest loims the suspensoi The embryonic cell sub- 
divides and becomes a bilobcd mass The two lobes become the 
two seed-leaves (cotyledons) Ln the groove between them the apex 
ol the stem ol the embiyo develops The root develops at the 
opposite pole where the cmbiyonic mass abuts on the suspensoi 
The (onducting tract of the loot develops from the foinier and Us 
cortex and loot-cap Irom the latter. 

As the embiyo differentiates the ovule becomes the seed The 
iusion-nuclcus in the embryo-sac divides and its products continue 
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to divide, while the cytoplasm of the embtyo-sac inci eases m bulk 
at the expense of the nucellus and of matenal tianspoited to it by 
the conducting tiact in the stalk. Cell-walls aie produced which 
subdivide the embiyo-sac into nucleated cells Thus the sac 
becomes filled with tissue, the endospeim Meanwhile the nucellus 
is reduced to a membianous sheath while the outei integument is 
hardened and becomes the seed-coat. 

Fertilisation also induces changes in the caipel which hardens 
and becomes a membianous coating — the fiuit — adheung to the 
outside of the seed 

After npemng the seed passes into a doimant state, m which 
the suspension of vital activities seems to be complete 'Thus m 
many doimant seeds no respiration can be detected The pio- 
toplasm also is in a paiticulaily stable state In this connection 
it may be mentioned that some seeds, when thoioughly diy, may 
be exposed to a temperatuie of over 120° C without lnjunng then 
power ol germination. The addition of moistuie to seeds m this 
state of suspended animation lestores to the embiyo Us noimal 
sensitiveness and enables it by lespnation to set liee encigy stoiecl 
in its own cells and m the sunounding endospeim The watei 
seems to act as a catalyst to the vanous reactions which constitute 
embryonic metabolism. By the absoiption of the endospeim 
matenal is found for growth, and the root elongates and forces its 
way through the seed-coat In lesponse to the stimulus of giavity 
the emerging root turns downwaid into the soil The seed-leaves 
aie then drawn out of the empty seed and being provided with 
chloroplasts make the young plant independent, 

Consideration of the structure and life-histoiy of the Butteicup 
shows that it is more nearly compaiablc with the Pine than with 
the Archegoniates, The absence of cambial or secondary thicken - 
mg makes the structme of stems and loots appeal more simple, 
but the actual composition of the conducting tissues, wood and 
bast is more complex — a greater variety of elements contnbutc to 
form them. It is, howevei, in the reproductive oigans that we 
find the most maiked diffeiences The events of the life-histoiy 
show that the pollen-giams and embiyo -sacs of the Butteicup, like 
those of the Pme, are homologous to the spoies of the Aiche- 
gomates 

thus the stamens and caipels aie respectively miciospoiophylls 
and megaspo 1 ophylls, and the pollen-sacs and ovules may be 
homologised with microsporangia and megasporangia. The mi- 
crospoi ophylls (stamens) of the Butteicup aie, howevei, moie 
diveigent from the sporophylls of the Ferns than aie those of the 
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Pine In the megaspoiophyils the divergence is still greatei The 
closed ovaiy is piactically a new oigan furnishing special protection 
to the megaspoiangium, but involving othei changes, viz the 
foimation of the leceptive stigma, the nutntive and guiding style 
and the piolonged giowth of the pollen-tube (male gametophyte) 
The megasporophyll is still evidently m its origin a leaf, but the 
appioximation of its maigins ovei its upper suiface and then 
fusion changes the flat leaf into a closed capsule This change 
may be followed in the development of each megasporophyll 
(caipel), and it is only m the final stages of development that the 
closing of the ovaty is completed, and the condition, chaiactenstic 
of the highest gioup of seed plants, viz the inclusion of the ovules 
and seeds in clOvSed caipels, is attained Hence it is that this 
gioup is called the Angiospeims in contiadistmction to those 
which, like the Pine, have the ovules and seeds exposed and aie 
styled the (lymnospeims 

The development of special attractions for insects in connection 
with the spoie pioducmg axis or fiowei is a modification of far- 
1 caching importance, and being combined with a suitable disposi- 
tion of paits evidently secures the direct tmnsfercnce of the 
microspoies (pollen) to a position which will ensuie fertilisation 
This avoids the wasteful pioduction of miciospoies, which is 
necessary when the arrival of the miciospores into pioximity 
with the megaspores is fortuitous, as in the case of the Pme 
Thus it has been found that the bright colours and wonderfully 
diverse shapes and mechanisms of the flowers of the Angiospeims 
have cluect 1 elation with this inscet-poliination and are m the vast 
majority of cases only found m those which are dependent on 
insects for the tiamference of their pollen to the stigma On the 
other hand, where the wind is the agent for pollination inconspicu- 
ous flowers and different mechanisms pievail such as are found 
generally m the Gymnosperms and also in ceitam of the Angio- 
spei ms 

The increased complexity of the spoiophyle ol the Pine is 
associated with a 1 eduction and simplification of the gametophyte. 
In the Buttercup the reduction of the gametopbyles has gone a 
step further. The miciogametophyte 01 male gametophyte at its 
maximum development is a minute coenocytic hypha, containing 
three nuclei, two of which aie the nuclei of the sperm-cells. No 
vegetative tissues aie developed and no cellulai sexual organs. 
Such a complete absence of differentiation is rendered possible by 
its holozoie nutrition and its paiasitic habit It is lemaikable that 
in spite of its dimensions being gieatei than those of the micro- 
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gcimetophvte of the Pine its differentiation is fuithei induced The 
1 eduction has also affected the megagametophyte Instead of the 
ovoid cellulai mass found in the Pine, it retains the ccenocytic condi- 
tion characteustic of the eaily stages of the female gametophyte of 
the Pme, and even when the ovum is matuie theie is no cellulai 
aichegomum foimed for its reception It lies m the paiasitic 
ccenocyte just like the ova of some of the paiasitic Fungi The 
reduction in the numbei of the ova is also to be noticed, and the 
fusion of the second speim-nucleus with the fusion-nucleus and 
that of the two polar nuclei may indicate that in these nuclei aie 
to be recognised othei ova If this intei pi etation is coned the 
endosperm 01 food matenal lesultmg fiom this fusion would be 
homologous to a second embiyo Hence, it would not be homo- 
logous to the endosperm of the Pine In fact, the foimei would 
be homologous to a sporophyte, while the lattei is homologous to 
a gametophyte 


PRACTICAL WORK 

Make careful sketches of the flower of the Buttercup, viewed from above 
and below, showing the numbeis and the relative positions of the floral leaves. 

Slice the flower in two parts, beginning with the flower-stalk and passing 
upwards through the axis Sketch the surface so made, showing the axis and 
flower-stalk in longitudinal section and the exact attachment of the various 
parts 

Isolate sepals, petals, stamens and carpels, and using a simple lens sketch 
each from various aspects. Name the parts of the stamens ancl carpels. 
Cut cross sections of the stamens and carpels in an opening bud Mount in 
water and cover Sections passing through the anthers will show the foui 
pollen-sacs containing the rounded pollen-grams, the tapelal layer, the wall 
of the sacs, the connective and its conducting tract A drawing should be 
made showing these parts Sections passing through the ovary will show its 
wall with mid-rib, its fused margins and in favourable specimens an ovule at- 
tached to the inner surface of one of these margins The stalk, nucellus and 
integuments of the ovule should be made out and sketched. 
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Tiik fust leaves foimed on the young sporophyte aie usually called 
its cotyledons In the Gymnospeims a valuable number of these 
(always exceeding one) anse in a cnele surioundmg the apex of the 
stem In the gieater pait ot the Angiosperms theie aie just two 
seed-leaves which anse as lobes on the embiyo at opposite sides of 



Fig. 84, — Seedling Dicotyledon Two 
seed leaves (cotyledons) at c (X^rom 
Farmer’s Practical Introduction to the 
Study of Botany,) 
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the groove, fiom which the apex of the young embiyo Vd foim 
diffeicntiates. In their position they icsemble those of the Gy^e lined 
spams but to all intents and pui poses then number is fixed at f^es a 
Besides these, theie is an mipoitant section of the Angiosperms^ tlae 
whieli the embryo develops lust as a dub-shaped mass at the low s»oil 
end of the suspensoi and the distal half of this mass diffeientiatethe 
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as the first leaf or cotyledon At the base ot it on one side oi the 
embryo is a group of small cells which differentiates as the apex oi 
the stem In this embiyo the apex ot the stem is lateial and the 
single cotyledon teimmal Angiospeims which develop in this way 
are called Monocotyledons while those which have an embiyo with 
two seed-leaves and a terminal apex aie called Dicotyledons 
The difference is most marked at germination and is then readily 
recognisable without micioscopic dissection Latei on, the two 


f seed-leaves of the Dicotyledons me with- 

drawn from the seed and appeal above 
ground usually as two entne gteen leaves, 
or remain within the seed and me easily 
lecogmsed when the seed-coat is removed 
But the single seed-leaf o I a Monocotyle- 
don lemains attached as a nile m the seed 
and the fust green leal to appeal above 
\ 'i j t f giound is also single It is foimed on 

|\ | f A the opposite side of the young stem to 

|\ 1 ! f$ /! the seed-leaf and alternates with it 

and ill *1 < III n It « found that scveial important ehai - 

ShM h /// 1 / acters combine to distinguish the Mono- 

upward^ | s I l U j cotyledons from the Dicotyledons and we 

p^t s er “ St \i ' U // wdl now concentrate our attention on oui 

isolated ' [Jiff example of the foimer and note some oi 

each fromT b \t the particulars in which it diffeis from the 

Cut cross s W 1 Buttercup which we chose as a repiesenta- 

SSrW of the D, cordon;,. 

Of the sacs wjj7 ibe wlld Hyacinth {Salla nutans) 

made show XW g rows natuially in open woods, [t has 

tachedm ’£3 } 0ng str ^P- sha P ed foliage-leaves 2 0-40 cm 

lntegumertWwX,,, long and 1 5-2 'o cm wide. Krom among 

1 v thes,e llbe slender flowering stems each 

6 —Sulla nutans supporting neai its top eight or ten boll - 

shaped blue floweis. The flower-.slem 

3 ‘t^!h lly , Und K 1 the f WeiKht Eilch of these flowers is 
led to the stem by a shoit flexible stalk which swines Imm 
en two small blue-pmple scales (bracts). ' J b 

a plant is dug up it wfll be found that below the smface 0 1 

fte7,t» wh f d a,xl i T "”»i « iwih! 

- .-hSaAeTaiVoft 5 
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It the bulb be* split down longitudinally it will be seen that the 
leaves and outei scales aie atta< bed to a low rone- 01 cushion- 
shaped mass of tissue toughei than that composing the leaves 
This is the stem and fiom its bioad base the tools spung The 
flowenng stem is a pi elongation of this cone In the angle of the 
uppeimost foliage-leaf of the cone is a bud which will develop into 
the flowenng stem ol next yeai Its base will foim a bulb whu h 
will be coated ovei with the icmains oi the leaves of the cunent 
season 

I’he loots have a stiuctuie similai to those of the JButteicup 
The conducting tiact occupies the axis and is enveloped m a thick 
coitex This distribution of tissues evidently has 1 elation to the 
external conditions to which the root is subjected It has to 
follow a toituous couise among the soil pai tides, hence the axial 
location of the conducting tiact built up of elongated oveilappmg 
elements, such as would icsist longitudinal sketching foices, is 
lendeied necessaiy The coitex, being composed of thm-walled 
cells, each of which may be distoited owing to the elasticity and 
ductility of its cell- wall, ('an accommodate itself to local tompiessions 
and is consequently suitable to occupy the outermost position As 
m the Butteicup, the woody stiand of the conducting tiact has the 
foim of a giooved cote , the giooves and nclges on this coie aie, 
howevei, mote numeious The ciests of the lidges aie occupied 
by the filaments of piotoxylem, while the icst of the coie is composed 
of pi 1 miu y wood, consisting puntipally of tiaeheids and vessels with 
some wood-pai enehynu mtcispcised between The bast foims fine 
stiands lying in the giooves ol the woody coie It is composed of 
sieve-tubes and companion-cells A single layei of unchffeientiated 
cells — the pencycle — foims a sheath ovei the conducting tiact 
Fiom cells of this layei new loots aie fonnecl They ongmate 
opposite one of the pi otoxylem- filaments and shove their way out- 
waicls thiougli the sunounchng coitex When they emerge at the 
surface the luptmod coitex foims a collai at their base The 
coitex resembles a thick sleeve coveting the conducting tiact It 
is formed foi the most part ol lounded thin- walled cells, including 
between them angulai intei cellular spaces It is bounded on the 
outside by the pihfeious layei, which is a superficial layei of cells, 
some of which glow out at light angles to the suiface and foim 
absoibent bans They aie veiy thm-walled. Then walls aie lined 
with a very delicate film of piotoplasm which in turn encloses a 
laige wateiy vacuole occupying the laigei part of the cavity of the 
cell Then thm walls mould themselves to the sunounding soil 
particles and often adhere closely to them On the inside the 
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coitex is limited by the endodeimis This is a single layei of c tdls 
with cutimsed cell-walls which lit togelhei closely and seem to foim 
a physiological bamer between the coitex and the conducting tnici 
The an passages in the coitex aie cut off by the endoduirns horn 
coming into contact with the elements of the wood and bast 
Here and there a cell of the endodeimis is not thickened 01 cutimsed 
like its fellows It seems to have the function of tiansmittmg 
watei from the coitex to the wood and is m consequence of this 






Fig $7 — Tradescantia virgin? ana (a typical monocotyledon), root-apex, 
longitudinal section, x 80. a, procambial tract ; b , cortex , c, root-cap. 


called a passage-cell. The passage-cells occm ladially opposite the 
pi otoxylem-fil aments. 

The root grows at its tip, which is formed ol a lounded cone ol 
undifferentiated cells. The apex of this cone foims, and is coveied 
over by, a cap of cells in various stages of cismtegiation. The 
inner layers of this root-cap next the growing tip are rounded cells 
in active life ; those fuithei out loosen from one another, and the 
outeimost part connection with one another easily and aie cast off. 
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Behind the loot-cap the gi owing tip is made of cells which during 
the active season are constantly dividing, and the cells so pioduced 
add to the mnei layeis of the loot-cap in fiont and to the cortex 
and conducting stiand behind Soon aftei ioi matron the vacuoles 
ol those cells, which have been added on to the cortex and con- 
ducting tract, increase greatly in volume and the cells aie 
sti etched to many times then ongmal si/e This giowth adds 
lapidly to the length ol the toot and pushes the apex on thiough 
the soil, the exuviated outci layeis of the root-cap lubucatmg its 
way 

The low r conical stem of the bulb is composed largely of funda- 
mental tissue formed of rounded cells filled with starch Thiough 
this pass the conducting tracts or vascular bundles coming fiom 
the leaves Their paths are megiilar and they make hequent 
connections with one anothei In the lower parts of the stem 
branches aie given off fiom the conducting tiacts to the roots 
The arrangement of tissues 111 the fiowenng stem is moie oideily 
The mass of the stem is composed of fundamental tissue Its 
epidemics of elongated cells is coveied with a cuticle. The cuticle 
is peifoiated by numeious stomata and the stomata aie each 
bordeied by two guard-cells The arrangement of the guard- cells 
towaids one anothei is vciy like that found 111 the Butteicup, but 
the slits of the stomata aie fall paiallel to the axis of the stem 
Below the epideimis is a layei of tissue formed of prismatic 
elongated cells The walls of these cells are specially thickened 
at the angles so that m cioss section the cavity of the cell appeals 
cuculai while the outline of the cell- wall is polygonal Such tissue 
is called collenchyma. It is usually found on the outside of eiect 
cylindncal organs, where the tissues aie exposed to gieat sti etching 
loices. The cells of the collenchyma contain chloroplasts as do 
the lounded thin- walled cells ol the innei coitex inside them The 
cential fundamental tissue is made up of short cylindncal cells with 
lounded ends and they possess lew chloroplasts but often contain 
starch giains and other store materials. 

The conducting tracts from the bracts and flowers pass obliquely 
downwards and inwards towaids the axis as they entei the stem. 
Bulore reaching the axis ol this organ they turn sharply downwaids 
and then gradually turning outwards run down the stem When 
m then eomse they reach the inside of the coitex they run 
vertically downwaids and fuse with their fellows coming fiom 
other biacts, Dunng their downwaid path they pass round 
the stem so that they follow a spiral eomse This path of the 
conducting tracts is very different from that which is found either 
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m the Dicotyledons oi m the (tymnospeims The diihaenu is 
most easily appreciated in a tiansveise section As we have seen, 
the conducting strands of a Dicotyledon ioim a tin le m a tiunsveise 
section of the stem In a Monocotyledon, on the othei hand, they 
appear irregulaily scattered Some aie to be seen in the < enhal 
region of the section They have enteied liom leaves attached 
just above the level of the section 'Those m\u the (Otle\ an* 



those which have come fiom leaves insetted at a highei level 
The conducting tiacts aie largest just altei they entei the stem and 
they taper gradually downwaids. Hence the conducting tracts in 
the central region of transverse section aie laigei than those neater 
the periphery In structuie the conducting tracts of the Mono- 
cotyledons resemble generally those of the Dicotyledons, but they 
never possess a cambium layei between the wood and the bast 
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and usually, the number ol elenunls being moie limited, theie ih 
greater legulaiity m then anangement As a tiact 01 bundle is 
tiaced downwaid it is found that the wood and bast aie fuithei 
1 educed while the sheath increases in thickness The conducting 
tiacts of the flowenng stem pass down and unite with those of the 
stem of the bulb so that the whole conducting system is continuous 
throughout the plant 

The leaves of the wild Hyacinth aie constiueted veiy much in 
the same way as those of the Butteieup They consist of a middle 
layei (mesophyll) of gieen cells put together loosely and covered 
ovei, above and below, by a colouiless epidermis The epideimis 
also is coated with a cuticle, but it has no hans and presents, conse- 
quently, a smooth and burnished appeal ance The mesophyll is 
somewhat moie poious towards the unclei sm face, but the differentia- 
tion into palisade and spongy parenchyma is scarcely apparent In 
the disposition of the conducting tiacts m the leaves of the two plants 
theie is a notable difference In the Butteieup the conducting 
tiacts blanch in the mesophyll and foim veiy fine branches which 
anastomose, 01 join together, megulaily and form a netwoik in the 
leaf In the Hyacinth the chief conducting strands lun parallel to 
the iiud-iib and heie and theie send off oblique blanches uniting 
with a neighboui 'This difference is characteristic of the two 
gioups to which the plants belong As the laige conducting tracts 
lie in the veins of the leaves, we find that parallel venation is 
characteristic of the leaves of the Monocotyledons while leticulate 
(netted) venation is charactenstic ol the leaves of Dicotyledons 
The anangement of the stomata on the leaves constitutes also a 
method by whuh the epidermis of a Dicotyledon may be generally 
distinguished horn a Monocotyledon In the foimer the slits of 
the stomata are onentcd fortuitously, in the lattei they are parallel 
to the mrd-rrb There aie stomata on both the upper and lowei 
epidermis of the Hyacinth. 

The structure of the floweis must next engage 0111 attention 

The fiowei -stalk is continued upward as the axis to which the 
floral leaves are attached. In the Hyacinth the outermost Hoi al 
leaves form a whoil of six. They aie blue in colour 1 and each is 
ovate in shape The distal tapering end of each is lecmved so 
that the whoil forms a structure like a vase sui rounding the mnei 
parts of the flower, and peifoims not only the protective functions 
of the calyx but also the attractive functions of the corolla. Such 

1 The pigment m this case is not held in chromatophores, but is dissolved 
in the vacuoles of the cells. 
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an outer whorl which is not distinguishable into calyx and corolla 
is called a perianth Sometimes the segments of the perianth of 
the Hyacinth are slightly coheient togethei by then bases Im- 
mediately above the perianth aie six stamens They are attached 
to the axis, but sometimes adheie to the base of the segments of 
the perianth Then filaments aie white and tapciing while then 
anthers are blue. The tapering end of the filament is joined to 
the middle of the connective so that the anthei seems to pivot at 
its middle on the top of the filament The anthers dehisce 
longitudinally and shed the pollen. 

The segments of the perianth and the stamens have a similai 
ongm to the sepals, petals and stamens of the Buttercup, 1 c then 
eaily stages resemble the early stages of foliage-leaves 1 hffeientia- 
tion as penanth segments and stamens occurs later Aftei the 
anthers and filaments of the stamens have been outlined the fom 
columns of sporogenous cells develop in the anthei s, the pollen- 
sacs, each containing one column, aie foimed and the con- 
nective is differentiated. The wall of the pollen-sac, as in the 
Butteicup, is divisible into two layens, the epideimis and iibious 
layer The latter secuies the dehiscence of the pollen-sac by a 
mechanism similar to that which has been descnbed in the pollen- 
sac of the Buttercup The pollen-grams also anse in the mothei- 
cells 01 sporogenous cells in tetrads just like those of the Butteicup 
Above the stamens and on top of the axis is a globular capsule 
tapeimg upwards into a delicate column ending bluntly in a rough 
and sticky surface The capsule is the ovaiy the column, the 
style and the lough and sticky ending, the stigma. When the 
ovary is eutacioss it is seen to he divided into thiee compaitmcnls 
(loculi) by vertical partitions Theie is a groove on the outside of 
the ovaiy conespondmg to the position of each paitition In each 
angle foimed by the converging paititions there aie two lows of 
minute white bodies which are the ovules This whole stiuctuie 
above the stamens coi responds to three fused caipels united along 
then adaxial suiface The fusion of the three styles and stigmas 
is complete The three ovaries are .still distinguishable and cor- 
respond to the three compartments of the compound 01 syncaipous 
ovaiy The sides of the carpels foim the partitions The axis 
of the ovary, to which the ovules are attached, is foimed by the 
fused margins of the carpels The mid-ribs may be seen running 
down the outside wall, midway between thegiooves. 

The ovules enclosed within the compaitments have very much 
the same structure as those of the Buttercup and contain within 
their nucellus a laige cell, the embryo-sac (megaspore) which gives 
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rise within itself to the small coenocyhe megagametophyte As in 
the Butteicup it contains eight nuclei, one of which belongs to 
the ovum 

When the pollen-sacs dehisce and the pollen is shed each gram 
consists of two cells The pollen-giams of the wild Hyacinth also 
aie earned by insects fiom the anthers to the stigma. Theie the 
latgei cell of the giam glows out and buirows into the tissue of 



Fig. 8g .— Scllla nutans } syncarpous ovary, transverse section, x 30. e , 
embryo-sac; /, fused sides of caipels; integument, /, loculus, or 
cavity, of ovary, m % micropyle; m, uucellus; 0, ovum in embryo-sac; 
mid-rib of carpel. 

the stigma and passes down thiougb the style till it emerges in 
one of the compaitments of the ovary. From there it glows along 
the inside of the compaitment and makes its way to the miciopyle 
of an ovule. It enters and tiansmits the two speim-cells formed 
m the pollen-tube to the megagametophyte. One of these fuses 
with the ovum and the nucleus of the othei with the fusion nucleus 
in the middle of the megagametophyte 
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As in the Butteicup the oospeim foims a cell- wall and by cc 
division produces a short column of cells lying in the minopy 
end of the embiyo-sac (megagametophyte) Piom the two low* 
cells of this column the embryo is developed The lest of t 
column is the suspensoi By repeated divisions these two u 
give use to an ovoid mass of cells A shallow indentation on o 
side divides the embiyo into two lobes that next the suspen c 
develops into the loot and the lowest pait of the stem and that 
the other side of the indentation becomes the single soed-h 
(cotyledon) Meanwhile the fusion-nucleus in the cential legi 
of the coenocytic megagametophyte divides and its piodiu 
divide again and again The nuclei thus pioduced aie distnbut 
m the augmenting cytoplasm Later on cell-walls subdivide tl 
into cells each containing a single nucleus. The gi owing embr 
is embedded m the tissue (endosperm) so foimed, which supplies 
with food Dm mg these changes the small white ovule swells ai 
becomes a globulai seed The oulei integument glows into 
black and shiny seed-coat The syncaipous ovary also inn eas 
gieatly m sue and becomes the fiuit Its wall dues and loses 1 
green coloui, and when the seeds aie npe it enuks open and e 
poses the shining black seeds within The downing stem 1 
this time is stiff and erect, and the fiowei -stalks which were befo 
pendulous now stand ngidly eiect These changes sccme th 
when the floweung stem is pushed aside by a passing animal oi 1 
a gust of wind it spungs back into its veitical position , but m 4 
doing it slings some of the seeds out of its open capsules Tl 
elasticity of the pails jeiks them to consicleiable distances, ar 
thus disseminates them away fiom the paient 

The seed is shed m thesummei and lies dm man! till next spin 
when under normal conditions it gel initiates. The cotyledc 
elongates and forces the young loot out, thi listing it into the soi 
Immediately new loots are foimed fiom the base of the stem an 
fix the seedling in the soil Just below the apex ol the stem a ne 
leaf is formed, which develops chloioplasts and cames on phot< 
synthesis Till this function has been initiated, the cotyledon, sti 
letaimng its top in the seed, continues to tiansfer nutriment to th 
seedling. Once independent the cotyledon atrophies and eoi 
nection with the seed is seveied 

Prom this account it appeals that the hfe-histoiy of the wil 
Hyacinth corresponds veiy completely with that of the Buttercuj 
The herbaceous spoiophyte is a complex, independent, holophyti 
plant In addition to its vegetative oigans it produces spoiophyll 
which are giouped together on shortened axes to foim flowers 
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Spoies of two lands (micuospoies and mcgaspoies) on their ap- 
piopnate spoiophylls aie found m each flower The mictospoies 
(pollen-giams) gemiinate as they aie about to leave the miciospoi- 
angia (pollen-sacs), but the gametophyte is only lormed if they icach 
the leceptive pad (stigma) on the mcgaspoiophyll (carpel) Theie 
the mieiogametophyte (pollen- tube) develops paiasitically and tians- 
mits to the ovum of the megagametophyte its speim The 
inegagametophyte also develops paiasitically but without leaving 
the sporangium (ovule) in which the megaspoie originated After 
feitilisation the oospeim becomes the embiyo enclosed in the 
megagametophyte which is still sunounded by the spoiungmm As 
in the Buttercup this seed contains the young spoiophyte, the rem- 
nants of the two gametophytes and a portion of the parent sporo- 
phyte 

The salient dtffeiences between the Hyacinth and the Butteicup 
consist in the airangement and numbei of the paits of the spoio- 
phyte Undei these categories may be mentioned the suppression, 
01 delay in the development, of one cotyledon, which leads to the 
lateral position of the growing point, the paiallel airangement of 
the conducting tiacts in the leaves and then “ scattered ” anange- 
menl in the stem In the numbei of the floral leaves we have 
anothei staking diffeience which is general among the Monocotyle- 
dons like the Hyacinth, and the Dicotyledons like the Butteicup 
In the foimei the numbei of the floial leaves in each category is usu- 
ally some multiple of thiee, while in the latter it is moie usually a 
multiple of four or five Cohesion of the leaves, whether in the 
pel ninth 01 among the carpels, is found in both groups 

PRACTICAL WORK 

Sketch a complete plant of wild Hyacinth, showing leaves, bulb, loots and 
flowering stem, 

Make a transverse section of the flowenng stem Sketch and show the 
position of the conducting tiacts 

Sketch a flower from above, showing the caipels, stamens and penanth 

Make a special sketch of the carpels alone 

Piepaie a longitudinal section of the flower and draw it, showing the at- 
tachment of the various floral leaves. 

Locate the dissolved pigment in the vacuoles of the cells of the perianth 

Make a tiansveise section of the ovary. Show in your sketch the three 
carpels and the attachment ol the ovuleb 
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The oospeim by repeated cell-divisions gives use to the embiyo 
At first the whole embryo is composed of undifferentiated cells 
only, quite similar m appeaiance to one anothei Gradually m 
the base of the embryonic stem and in that of the embiyonic 
loot some cells begin to elongate and to foim procambial tiacts. 
These in turn become the conducting tracts while the cells lound 
about them become fundamental tissue and cease dividing A 
similar differentiation takes place m the cotyledons In this 
way the groups of cells still dividing become isolated from one 
anothei, and occupy positions at the end of the loot and at the 
tip of the stem , and the separate giowing regions of the plant 
are established as direct descendants fiom the oospeim. Hence 
it is that all the cells and modified combinations of cells, which 
constitute the mature plant, may be traced back to the subdivisions 
of this single cell It may be further noted that the sporogenous 
cells of the sporophylls are directly traceable to the oosperm 

Each cell-division in these countless lines of cell-descent all 
leading back to the one common origin is pieceded by the 
division of the cells nucleus Just as each cell results from the 
division of a pre-existing cell so the nucleus never aiises de novo^ 
but each nucleus is the result of the division of a pie-existing 
one How this nucleai division is effected it is now of importance 
to constdei 

The nucleus of a cell m the resting state, 1 e one which is 
not immediately about to divide, is approximately globular in 
form. It is limited by an extremely delicate nucleai membrane 
which encloses a clear nuclear fluid. Suspended in this fluid is 
a viscid colourless substance, which foims irregulai filaments or 
threads, crossing the fluid and sometimes lying in contact with 
the membrane and anastomosing with itself, so as to form a 
very irregular net-wo^k to, or embedded m, the net- 
work aie numeious <• 0 ' refractive index, sometimes 

fairly uniform m size and sometimes variable m size. In many 
resting nuclei these granules appear to crowd the cavity of the 
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nucleus so that the nucleus as a whole piesents a gianular 
appearance. Distinct from these and appaiently floating fiee 
in the nuclear fluid aie one or moie somewhat largei gianules, 
also of high lefrmgency. These aie called the nucleoli and are 
often salient objects m the lesting nucleus. When such a lasting 
nucleus is lulled and stained by suitable leagents, it is found 
that the gianules on the nuclear Ihiead fix a basic stain readily 
They probably react in this manner owing to the fact that they 
contain a laige piopoition of nucleimc acid, which is a complex 
01 game acid possessing a high peicentage of phosphorus The 
substance foiming these gianules,. owing to its leadmess to fix 
stains, is called chiomatm The material foiming the viscid 
thiead itself does not take basic stains and is called limn The 
nucleoli are also stamable, but with acid stains , and hence the 
chiomatin gianules and the nucleoli may be made to stand out 
plainly in piepaiations stained with a nuxtuie of an acid and a 
basic stain The nucleai fluid, on the other hand, does not take 
stain The nuclear membiane fixes basic stains, but it is *so 
thin that its coloiation is feeble The difleicnt behavioui of 
these parts towards stains has been most helpful 111 studying 
the stiuctuie of the nucleus, and with pioper contiols gives some 
indication of the chemical natuie of its constituents 

When a nucleus is about to divide the bulk of the chiomalin- 
gianules mcieases, and the anastomoses of the nuclear thread 
aie giadually dissolved The chiomatm -gianules become uni- 
form in sue and space themselves uniformly along the thiead 
in this state they are often called chiomomeies The thiead 
now breaks up into a numbei of shoit lengths — the chromosomes 
'The nucleoli disappear and possibly add then substance to the 
chromosomes. The chromosomes anange themselves in the 
equatorial plane of the nucleus, and form a disc usually called 
the equatorial plate. The number of cluomosomes is usually 
undci 100. The number is constant m the vegetative tissues 
of cat'll plant. About this time the nucleai membiane breaks 
down, and some of the finely gianulai, almost homogeneous 
surrounding cytoplasm invades the nucleai cavity. In living 
colls this mass of cytoplasm appeals as a highly refnngent ban el- 
shaped structure, lying m the space previously occupied by the 
nudeai fluid, with the cluomosomes, each now bent into an 
L~shaped foim, lying round its middle. The blunt ends of this 
mass terminate at the poles oi the nucleus. When the cell is 
killed and stained this stiuctuie appears composed of a sheaf 
ol fibres, and is called, owing to the difficulty of staining it with 
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the usual nucleai dyes, ihe cuhionwtk spindle. Thu < luumn- 
somes appear each associated with a smgk spmdle-hhns one 
limb directed towards one of the poles, while the othei lies up 
proximately in the equatonal plane extended towauls the penph- 
ery At the same time stained specimens often show sitae ol 
cytoplasm similar to the hbies of the adnonwitie spindle, hulwting 
from the poles into the geneial gianulai eyto))lasm ot the <i*ll 
It is possible that the fibies of the aehiomatir spindle aie pioduc rd 
in the killing and fixing of the piotoplasm, being fomied as a 



Fig 90 — Lihum martagon , somatic mitosis, x 700 nucleai thuvtcl 
formed from net-work, />, nuclear thitad shoitencd and thickened, 
c y formation of chromosomes, d , equatorial (nucleai) plate of chromo- 
somes , e , longitudinal cleavage ot chiomosomes ; y, beginning ot the 
separation of the half chromosomes, g, parting ot the halves; h, move- 
ment of the halves towards the poles, /, congiegation lound the poles, 
k .formation of the new nuclei trom the halves and appearance oi the 
cell-plate across the middle of the achiomalic spindle. 


coagulation product between the colloids of the renti.il protoplasm 
and the reagents used This smmi.se is rendeied mote piobahlr 
by the fact that similar stiuctutes may be ptoduml m egg-white 
with the usual fixing reagents 

The next change observable is the splitting of each ebiomosoine 
longitudinally In suitably stained specimens it may be seen tlmt 
this cleavage is the result of the division ol each ol the minute 
chromomeres of the thread The two parallel Iment series loaned 
by this division constitute the halves of the chiomosomes. These 
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halves pail isundei and moving along then associated fihies nngiate 
to the opposite poles Round the poles the half chiomosomes con- 
gtegate and dmw togclhei to foim a dense mass of chiomatin and 
limn 

While the halves ol the bisected chiomosomes are moving apait, 
at the middle of each libie of the achiomatic spindle, a bright 
lefimgent speck appeals It is composed ol a cellulose-like sub- 
stance called pectose. The specks of pectose togethei loim the cell- 
plate They giadually grow m si/e and finally coalesce to foim 
a disc, still apparently perfoiated by line filaments of protoplasm 
— the persisting lemams ol the achromatic fibies Subsequently 
layeis ol cellulose aie deposited on each side of the cell-plate 
and aie extended out fiom it to unite with the lateial walls ol the 
cell, thus dividing it into two While this paitition-wall is being 
eonstiucted the masses of chiomosomes at the poles become moie 
legulai by the drawing in of those limbs of the chiomosomes 
which weie still piojectmg into the cytoplasm, 01 were delayed 
m then motion along the fibies As soon as, 01 even befoie, 
the sin face ol the mass is smoothened by this means, vacuoles 
01 cavities appeal in its substance Vacuolation continues, the 
partitions dividing the vacuoles become leduced to filaments and 
only an exliemely delicate pellicle remains to sepaiate the coalescing 
vacuoles fiom the suuoundmg cytoplasm Nucleoli leappeai 
and the two nuclei lesultmg from the division of the ongmal 
one aie completely icconstituted. By this time the new cell- 
wall is ( omplete and the new cells, each with its own nucleus, have 
been pioduced horn the cmgmal single cell Befoie the next 
division of the new cells their nuclei will divide again m the 
mannei just deseiibed 

The piocess of nucleai division which I have just outlined 
is called mitosis 01 karyokinesis In it the following stages aie 
loi convenience ol desenption usually lecognised (i) The spnemer 
stage, when the nucleai thiead is heed of its anastomoses gnd 
foims a continuous skem in the nuclear cavity, (2) the equatorial 
plate, nuclear plate 01 monastei stage, when the chiomosomes lie 
in the equatoiul plane ol the nucleus and appeal as a stellate mass 
when viewed horn the poles ; (3) the chaster stage, when the longi- 
tudinal halves of the oiigmal chromosomes, having parted asunder, 
come to loim two stellate masses round the poles ; (4) the 
dispheme stage, when the nucleai net- work is xefoimed in the 
two resulting nuclei* 

.Evidently by die piocess of mitosis the evei -glowing material of 
the nucleus of the oospeim is allotted equally to all the cells of the 
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resulting plant But the complicated piocedme not only seeuies 
that the bulk of nuclear matenal ret eived by each (ell shall be 
equal, but by the fission of the individual chiomomeies it piovtdes 
that the nuclei of eveiy cell of the matuie plant will contain a 
lepresentative of eveiy chiomomeie of the nucleus of the oospeim 
Hence, even if the chromomeies diffei among one anothei, mitosis 
secures that the lesultmg nuclei shall be equivalent to one another, 
not only quantitatively but also qualitatively 

The elaborate mechanism adopted lot the accurate division of 
the nuclear substance naturally aiouses speculation and foices us 
to consider what the natuie of this substance must be winch calls 
for such meticulous distribution throughout the cells of the 
oiganism The cleavage and distribution of the chromosomes 01 
lather of the chromomeres seem to be the essential result aimed at 
in mitosis, and any satisfactory hypothesis must take this fact into 
account. The generally leceived view is that the clu om atm is the 
heieditaiy substance, 01 geim-plasm, of the oigamsm It conti ols 
and directs the development of the cells and seeuies that they shall 
have the characteristics of the species to which tire individual 
belongs, and shall contain representatives of the distinctive tiaits, and 
features which characterised that individual’s paients The sepai - 
ate characteristics and traits, 01 gioups of them, aie probably ic- 
presented by poitions of this substance, viz the chromosomes and 
chiomomeres Thus the chromatm of the oosxieim being distri- 
buted throughout the cells of the embryo compels the development 
of the latter into an oiganism like its parents This hypothesis 
fits in well with the observation that, given the necessary condi- 
tions, each and every cell of a plant or animal appeals able to 
give use to a complete oiganism, containing as it does in its 
nucleus the complete geim-plasm. The propagation of plants by 
buds, cuttings and offsets furnishes familiar examples of this phe- 
nomenon. 

\Vhen the oosperm is foimed by the fusion of the sperm and 
ovum, it receives the nuclei of two individuals, and consequently 
the individual pioduced must, if our theory be coned, combine 
the chaiacteis of the two This surmise is justified by observation. 
Fuithermoie, the fact that the offspring lesemblcs the male paient 
as much as the female, constitutes one of the most cogent argu- 
ments that the substance of the nucleus is the germ-plasm Vox 
the sperm contributes little else than chromatin, and the bulk of 
its chromatin is approximately if not exactly equal to the bulk of 
the chromatm contained by the ovum 

The hypothesis further necessitates that the oospeim must con- 
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lain double the amount of geim-plasm eonlnbuted by each gamete 
and as the nunibei of chiomosomes in each mitosis is equal to 
that ol the pieceding one it follows that the amount ol the geim- 
plasm and the numbei of the chiomosomes ol the oosperm aie 
double those of each gamete This considei ation shows, if oui 
conclusions are collect, that theie must be some point in the 
line of cell divisions between the successive acts of feitihsation m 
the sequent gcneiations, w r heie a 1 eduction m the number of 
chiomosomes, and with it a xeduction in the numbei of transmitted 
chaiacters, occuis It is of peculiar mteiest that this 1 eduction 
was established only aftei its occimenee had been piedicted on 
theoietical giounds 

In the highei plants the 1 eduction-mitosis usually takes place 
cluung the division of the spoiogenous cells or the spore-mother- 
cells The laige nucleus of these cells when pieparmg itself for 
mitosis develops a particulaily long and attenuated nucleai thiead. 
The length of this thiead is veiy gieat, and it forms countless in- 
dicate coils m the nucleai cavity. Gradually these coils tesolve 
themselves into a number of loops tvnsted moic or less upon them- 
selves, At tlu 4 stage a cuuous and sudden change comes ovei the 
nucleus The thiead, which has been up to this moie or less 
unifoimly distiibuted thiough the nucleai cavity, is now swept 
acioss it and foims a dense and tangled mass at one side, 111 close 
contact with the large nucleolus, This stage, which is called 
synapsis, lasts but ashoit time, and then the mass uniavels gradu- 
ally and the whole thread emeiges m twisted loops Theie is 
some uncertainty whether the loops formed befoie synapsis aie 
identical with those which cmeige after it It is possible that the 
thiead foiming the emerging loops is composed of two paits ol the 
original thiead and that each emeiging loop is thus louifold of the 
onginal thiead Howevei this may be, the emeiging thiead breaks 
into a number of twisted portions equal to half the numbei of the 
chiomosomes of the somatic cells ol the plant , e.g. ll the nuclei 
of the somatic cells contain twenty-lorn chiomosomes, m this 
mitosis twelve chiomosomes only appear Thus each of these is a 
double cluomosome, containing a double number of chromomeies. 
Aitci the sepai ation of the chiomosomes growth in thickness con- 
tinues, apparently at the expense of the nucleoli winch now 
disappear When the chromosomes have so fai thickened that 
their width is about half to a quaiter of then length, the nuclear 
membiane disappears and its cavity is invaded by the cytoplasm 
The aclnomatic spindle is foimed and the shoit double chromo- 
somes, having the foim of paiis of twisted iods, loops 01 lings, 
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ariange themselves m the nucleai plate Cleavage by sepaiation 
of the adjacent chromomeies occurs heie and the halves of each 
double chromosome pass along the spindle to the opposite poles 
The halves as they leave the nucleai plate usually have a V-foim, 
and by the way they disentangle themselves fiom one anothei, they 
seetn to show that each limb of the V is composed of half one of 
the twisted rods of a double chiomosome As the Y-shaped 
chromosomes reach the poles they tend to break up into then 
component chromomeies, and becoming sunounded by a nucleai 
membrane they constitute a new and highly gianulai nucleus, 



Stages shown consecutively from left to right In uppei row 1, long 
nuclear thread formed from net-work , 2, nuclear thread twisted on itself , 
3, chromosomes formed from twisted loops of nuclear thread, 4, chio- 
mosomes shortened and thickened , 5, nuclear membrane has disappeared, 
cytoplasm has invaded the nuclear cavity and the chromosomes are 
airanged in the equatorial plane, polar view. In lower row 1, same 
stage as 5 above, seen from the equatorial plane, 2, separation of half 
chromosomes, 3, convergence of half chromosomes to the poles, de 
velopment of cell-plate , 4 chromosomes break up into granules at poles , 
5, formation of new nuclei from these granules. 

While the exact manner, m which the cleavage of the chiomo- 
somes in the equatorial plate takes place, rests in doubt, the 
essential differences between this reduction-mitosis and the oidmary 
somatic mitosis are plain , in the leduction-mitosis the number of 
chromosomes differentiated fiom the nucleai thread and the numbei 
contributed to each resulting nucleus is half that found in the mitoses 
leading up to the formation of the spoiogenous cells and in those 
of the surrounding somatic cells Furthermoie, the chromomeies 
distubuted to the new nuclei probably do not, as in the somatic 
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mitoses, lepiesent halves of chiomomeies of the original thiead, 
but aie these segments themselves intact Hence the chiomomeres 
in the icsulting nuclei may not be equivalent 

The two nuclei foimed by the reduction- mitosis immediately 
undeigo a second division This mitosis confoims to the oidi- 
naiy pioceduie of somatic nuclear division, except that m the 
differentiation of the chiomosomes the i educed number of 
chiomosomes appears The nuclei then of the second mitosis of 
the spoiogenous cells contain this i educed numbei, 01 if we indicate 
the numbei of chiomosomes in the somatic cells as 2x these nuclei, 
which, as we know, become the nuclei of the spoics, contain x 
chiomosomes The fotmei cells and nuclei aie tamed diploid in 
conti adistincti on to those which contain the x numbei of chiomo- 
somes and aie called haploid 

When the spoie geimmates, a senes of mitoses is initiated which 
ptcseivcs the x numbei of chiomosomes and the cells of the gameto- 
phyte aie thus haploid This senes teimmates with the pioducUon 
of the spcims and ova which, of couise, aie also haploid Fertilisa- 
tion biings the two haploid nuclei togethei in the oospcim, and 
initiates the diploid senes which is the spoiophyte The diploid 
phase then persists till i eduction in the spoic-mothei- -cells le- 
estabhshes the haploid phase, which continues throughout the 
gametophyte 

In all the Aichegomatcs and in the Seed-Plants the 1 educing 
division noimally takes place m the spore- mothei -cells, and the 
tetiad cell-division chaiactcnstic of spoie-foimation is thus as- 
sociated with the leducmg mitosis which initiates the haploid 
phase The cell-division pioducmg the megaspoie of Seed-Plants 
is never a charactcnstic tetiad division — the foui cells icsulting 
foim a lineai series, and it is just in connection with the pioduc- 
tion of the megaspoies that an inegulaiity m the occuircnce of the 
1 educing mitosis has been found Instead of the leducmg division 
occuinng in the mothei -cell, it is often postponed till the hist 
division of the megaspoie (embryo-sac) 

In Polysiphonia as we might expect fiorn the loimation of the 
tetiaspoies i eduction takes place at then oiigin, and the gametophyte 
icsulting fiom their gamma-lion is haploid Haploid nuclei char- 
ac tense Us gametes The oospetm is evidently diploid and pio- 
duces by its nuclear and cell- divisions the diploid spoiophyte, 
which by a inducing mitosis pioduces the haploul tetraspoies So 
the two phases tonespond with the limits of the alternating sporo- 
phyte and gametophyte 

Evidently a different state of affaus must obtain m a plant like 

1 7 
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FucuSj in which thete is no spoic-foimation in the lifohistoiy In 
it leduction has been found to take place in the anthoiidium and 
m the oogonium, so that while the somatic cells of the plant die 
diploid, this leduction secutes that the gametes aie haploid The 
diploid condition is lestored by fertilisation It is of intei est to 
note that m the position of the reducing mitosis Fucus confoims to 
the animal scheme 

In othei plants such as Spnogyia 1 eduction Lakes place in the 
oospei m 

These instances suffice to establish the geneial truth of the 
proposition that m those plants whose lite-lnstoiy me hides tin* 
production of gametes and fertilisation a 1 eduction-mitosis is 
always found 'Hie position of the indue lion-mitosis in the life- 
cycle vanes m diffeient gioups 


PRACTICAL WORK. 

Fix young buds from the n o* i» 1 'n of a Turk’s Cap Lily -— Lilmni 
mar tag on — in a large voIuixk c. • 1 . 1 .d spirit Leave them to harden 
for 24 hours 

Cut transverse sections of buds about 5 milhmeties and less in diametei 
Float the sections in water and select out the best and tiansfei them into 
some very dilute Delafield’s hematoxylin Stain foi 18-24 horns Wash 
the sections in a change of water and pass them through tluee changes of 
spirit into oil of cloves When the sections are quite clear lilt them fiom the 
oil of cloves with a needle, gently touch them against a piece of papei, to 
remove the excess of oil, and transfer into a drop of balsam on a slide and 
cover 

While cutting the sections observe the six overlapping paits of the penanth 
and the arrangement of the six stamens round the three fused carpels In 
the larger buds the yellow mass of pollen in the pollen-sacs is plainly visible, 
and the fused carpels form a triangular prism m the centie of the luicl. The 
sections of this will show the three compartments of the syneaipous ovary 
In some of these sections will be seen ovules Where the section passes 
through the axis of an ovule the embryo-sac (megaspoie) will be exposed to 
view. If by good fortune the section passes llnough an embryo-sac dm mg 
the first mitosis, a stage of the reducing division will be shown Somatic 
mitoses will probably be found in the nucellus and in the walls of the ovaiy. 
If the selection of the buds has been fortunate reducing mitoses may be found 
m the pollen-mother- cells in the young antheis Any mitosis observed 
should be carefully sketched 

Another my good souice of material in which mitosis may be studied is 
the developing seeds of the Crown Imperial Lily, FnHllaria imp nahs. 
Open the erect gieen fruits of this lily and take out the immature seeds when 
they are about 5 millimetres long Put them m methylated spmt, having 
previously pricked the swollen central pail with a needle to allow the spun 
to penetiate quickly Aftei 18-24 hours the seeds may be split in two, thus 
opening up the enlarged embryo-sac Remove with a needle the protoplasmic 
lining of the sac, wash, stain, dehydrate with spmt, cleai m oil of cloves and 
mount in balsam. In ihe best preparations the lining of the sac is a thm 
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pellicle with large nuclei distributed in it, No cell-walls have yet been 
formed and the nuclei are often seen in mitosis. The stimulus foi division 
seems in these cases to advance as a wave across the pellicle so that successive 
rows of nuclei in the successive stages ol mitosis may be observed. 

As these preparations are laigely a matter ot good fortune in hitting off 
the exact stage in development, many prepaiations should be made A suc- 
cessful prepaiation will moie than lepay the trouble, and affoids a record of 
the minutest details of perhaps the most interesting and suggestive biological 
phenomenon 

Even the thicker pellicles, in which cell-division has alieady taken 
place, will af foid preparations showing many mitoses In these the details 
of the piocess may often be seen with the most astonishing clearness 
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The similarity between patents and oflspung, though often \ny 
mat is never exact Theie aie always gieutoi oi smallei thfiei- 
ences obseivable The similaiity is usually very sinking when tin* 
two parents resemble one another veiy closely and conn* hum the 
same stock, and greatest of all when the eontnbiUing gametes ate, 
asm the case of some oigamsms (eg many of the Seed-Plants) 
derived from the same individual But oven in these rases uuiam 
differences aie found Some of these may be undoubtedly inn ed 
to the action of the suirounding conditions on the developing 
oosperm Thus staivation may make the offspnng of a vigorous 
parent puny, and its dwaifishness and its unhealthiness nmnot be 
said to be characteristics tiansmitted to it hom its paient, Init au* 
acquired fiom its conditions Expel lmentally we may shmv tliuu- 
gences bi ought about by differences m sunoundings by taking a 
number of seeds, formed when the pollen of a flowei tails on its 
own stigma, and sowing them under different (conditions. The 
seedlings which grow up m daikness are diawn and attenuated, 
those which develop in absence of iion salts 01 of light me without 
green colour, those which aie suiiounded with an excess of salinity 
become more fleshy, those which lack vauous mpmements me 
weak and puny Presumably each seed inhented veiy similai 
qualities, but they acquire very diffeient chamctetislirs fmm the 
action of their enviionment That the majoiity ot their eluuurlet** 
istics are inherited can scaicely be doubted, foi no matter how 
different the conditions of giowth aie, if life is at all possible, all 
the plants are recognisable as being of the same kind as the parent. 
This specific similaiity cannot be attnbuted solely to the similaiity 
of conditions of nurluie sunounding the early stages of the emlnyo, 
for it is quite as maiked m the lower plants where the oospeuns 
and spores begin their development outside the body of the patent. 

Hence we lecogmse that the chamcteis of each individual an* 
m part inherited and m part acquired ft is mtenMmg to note 
that in spite of a very general populai belief to the eontnuy no 
clear instance has been established of the transmission of such 

afio 
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acquned chaiacters 1 Thus so far as accuiate obseivation only is 
iclied on, no character be it a dcfoimity 01 an “ acquit ement,” 
which is dnectly denved fiom the action of the environment, has 
been shown to be tiansmitted liom the paient to its offspring 
Hence it is geneially believed that the sui roundings are without 
dnect influence on the germ-plasm 01 hereditaiy substance 

The study ol heiedity has attiacted attention fiom the eailiest 
times not only owing to its great mtiinsic mteiest as one of the 
most uispiimg seciets of natuie, but also owing to its manifestly 
great piactical impoitance Despite vast numbeis ol expenments 
and speculations veiy little advance was made towaids discovenng 
its mechanism, oi the laws ol its action, till the middle of the last 
centuiy Even then, when a most important clue was discoveied, 
it lay long unrecognised , so that this clue has only been geneially 
utilised as an instrument of leseaich since the beginning of the 
piesent century 

The clue was iuimshed by Mendel m 1866 He earned out his 
pioneei expenments with Seed- Plants, and m point of fact with the 
edible pea The facts, that the stamens containing the pollen and 
the caipels containing the ovules occur in the same flower, that 
self-fertilisation normally takes place it the flowers are not interfered 
with, and also that the stamens aie easily removed without injuiy 
to the carpels, were gieat advantages m tins woik It was thus 
possible at will to piocuie offspnng hom one paient alone, or, 
with equal certainty, fiom any two given parents 

Mendel experimented with plants which, while genually le- 
semblmg each othei, difleied trom one another 111 possessing eithei 
one 01 the othei ol a pan ot differentiating chaiaeleis (alielomoiphs) 
The object of his expeiiment was to observe how these characteis 
combine in the hybrid foimed, and to deduce the laws accoidmg 
to which they appear m the successive generations E01 example, 
some peas aie round in contoui, while otheis have somewhat 
flattened faces upon them, and are angulai 01 quaduite in form 
These piopeitics aie chai act eristic ol certain varieties, and it is 
easy to obtain strains which repioduce these differences legulaily 
m succeeding gcneiations In this case lotundily and angulanty 
foun a pan ol differentiating (mutually exclusive) ehaiacteis 
Characters which may be thus parted m contrasted individuals aie 
called alielomoiphs Jt should be noted that, while these two 
alielomoiphs (loundness and angulanty) aie assigned to the seed, 


1 An important exception to this general ufle may possibly be brought to 
light by the line of woik recently opened up 
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they me in leality choiacteis of the eniht>« en.lusul m tin- 

SC t first the seeds we.c tested by sowmg the l«<> Kuuls ,,m,1 
When mature plants were formed they wen- m.tunut.rallv «•!!■ 
Dollmated At the same time Mendel guarded by spe.ul pm 
cautions against othei pollen reai hrng the stigmas 1 lan s urn h 
me thus pollinated with then own pollen me said o be “se led, 
while those which receive the pollen horn •mother plant an 
described as cross-pollmated 01 ciossed 

When the embryos in successive geneiations pioduied b\ selling 
always showed the same allelomorph, wlielhe, it was tomtdness o, 
angulai tty, it was judged that so fat as this dtaiaelet was < mu em< d 
the peas selected could transmit either allelomoiph onI>. 

Then the expenment was tiled of noss-pollinutmg a plant 
developed fiom one of the lound peas with the pollen fmm one 




Fig g2 — Round and angular (oi qiuuhate) peas 


coming from an angular pea The lcnpiotul ('loss was also made, 
i e the pollen of an angulai plant was put on the stigma oi a round 
plant The lesult was the same fiom both mosses. Whether tin* 
round plant was used as the pollcn-pai ent oi the seed- pa lent) the 
embiyos pioducedm the pod of the seed-paient wen* always lound 
to be round Mendel called the character which thus appealed 
in the hybrid to the exclusion of the othei the dominant eluum ter, 
while that which was not visible he styled the recessive chmaetei. 
In this case he found that loundness is dominant and anguLuity 
recessive, no matter which way the cioss is made. Tl nm> be 
noted that this indicates that the inheritance oi I he oifspnng is 
equally contributed to by each patent The fust or hybrni genei- 
ation is called the geneiation 

The flowers of the matme plants developed Irmn these round 
peas produced by cross-pollination weie soiled. ICmlnyos (IT 
generation) were developed m the selfud carpels and they wen* 
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found to be of two kinds, vi / lound and angulai When a huge 
ciop of these was hm vested it was lound that always approximately 
25 pei cent of the uop was composed ol angulai embiyos and 
75 pet cent of umiul embiyos 'That is, in the F a geneiation three- 
quaiteis oi the total munbei ol embiyos exhibit the dominant 
charactei and one-quaitei exhibits the leecssive one When the 
plants iiom all the seeds ol the Ko geneiation matin e and aie selfed, 
an mteiestmg difference is found among those developed fioni the 
lounded embiyos, one-thud of these ptoduee lounded embiyos 
only, while in the pods of two-thuds both lound and angulai 
embiyos aie found In these pods the piopoition is 3 lound to 
1 angulai In the pods ol the selfed plants denved fiom the 
angulai embiyos no lound embiyos aie to be found 

The expemnent may be summarised by the following diagiam, 
wheie the plants domed hom the lound seeds aie lepiesentecl as 
cncles and those denved hom the angulai seeds aie lepiesented 

p 0~P 0 

Fi <°°) 

f. ^ ^ ~\ ijjg 

jr. - 

Fi(j 93 — Diagram to illustiate the tiansmission ol roundness and angularity 
in thiee generations The small enclosed figures indicate the determin- 
ants in the geim-cclls 

by quadiate outlines in point o( lad m the embiyomc state 
the plants aie lound and angulai lespeelively 

.It should be paiticulaily noticed that individuals may be lound 
in the fust geneiation aftei a hybrid (Fo) which bleed tme lespech* 
mg cithei allelomoipli Thus in the F 2 some of the round 
individuals on being selfed will produce only lound olfspnng, and 
simikuly all the angulai on being selfed pioduce only angular 
offspung It lollows that, with legal d to the chffeientiating 
chaiadeis oi a liybud union, 50 pci cent of the oilspnng aie pme 
Of this 50 pu ( ent , ball tumsmit one alielommpb and half 
tuuismit the othei 

These obsei vat tons Mendel explained as follows . The original 
two lots oi tested seeds giew into plants which pioduecd gametes 
containing in then geim-plasm detenmnants (Jactois) of loundness 
and angulai ity lespec lively When dossed an oospeim was foi med 
m which determinants ol mundness and angularity weie contubuted 
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. T n ihe cell-divisions whi( li < omtit the 

^EtJeX -I! resulting ,,11 has both hmds o. 
determinants distnbuted toil, but masmmhas the iHr.nun.mi 
of oundness is dominant the embiyo develops .mind ( < W»Mmg 
horn gametes carrying alternative determinants tins uhI.vh 1 .uI .s 
called^ a “ Hetei ozygote ” To account loi the observed otlspnng 
of his hybrid plant, Mendel assumed that at the io, matron o! the 
gametes a separation and soiling of the detenu, mints ol tin pans 
of allelomorphs take place, so that each gamete receives the de- 
terminant of roundness 01 the detcinimant ol aiigul.inty, but no 
u-amete ever leceives the two detenninants ol a pan Sin* e lu.ge 
numbers of gametes are formed and then- is an equal munbei ol 
those containing the deteimmant ol 1 oundness as ol those with 
that of angularity, it is evident that theie ts an equal 1 ham e lot 
the unions'* RR, R a, aR, and aa (indicating the gametes by the 
initial letter of the allelomoiph, the deteimmant ol whuh they 
contain, and putting a capital letter foi the dominant and a small 
one foi’ the lecessive deteimmant) In the diagittm above the 
enclosed small ciicles and squaies leptesent the constitution ot 


\Ye have now stiong evidence to compel us to believe that this 
segregation of deteiminanls, postulated long ago by Mendel on 
theoretical grounds, may be actually obseived m the lediuing 
mitosis of the spoie-mothei-cells and in olhei tetiad mitoses 

The characters of roundness and atigulanly 111 the embiyo ate 
only one pair of many allelomoipluc paiis m peas investigated liy 
Mendel Another one was also a chaiactei of the embiyo and 
lecogmsable as soon as the seed is lnatuie It was that ol gieen- 
ness and yellowness In some vaneties the embiyo is gieen m the 
npe seed, while in others it is yellow. Mendel showed that this 
character is transmitted accoiding to exactly the same scheme as 
that which defines the transmission of 1 oundness and angulanty. 
In this case yellowness is dominant and gi eel mess is tv< essive So 
that the hybnd formed is yellow and when soll-pollin.iled it be, us 
75 per cent yellow and 25 pci cent, gieen embiyos As Ik Ion* 
when the individuals of this F a geneuitloti ale sell-juilliiult d it is 
found that one thud oi the yellow ptoduee nothing but yellow 
embryos, and two thuds ot the yellow have a mixed piogeny, The 
gieen when selfed pioduee gieen only. 

In these two examples complete dominance ol one deteimmant 
over the othei of the pan is illustrated. This comphte dominnni e 
appears to be the general rule. Howevei, some eases ate known 
where the heteiozygote, 01 hybnd, insulting horn the iusiou of two 
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gametes each contributing the alternate determinants, does not 
possess eithei allelomoiph but has an intei mediate chaiacter The 
classical example ot this is furnished by the blue colour of the 
Andalusian fowl When blue Andalusian fowl are paned together 
only half ol the chickens pioduced become blues, the remainder 
aie “ wastei s,” black and duty whites in about equal pioportions 
Repeated effoits have been made to bleed a pme progeny fiom 
blue paients without success Assuming that the blues aie 
heteio/ygotes this is what might be expected This suimise has 
been established by producing whole piogemes of blues without 
any wastei s by pan mg the black and white wasters 

Similat heterozygous foims aie pioduced by plants Thus the 
])eeuliai shade of Ilowei m Pnmulas known as “airshed stiaw- 
beny ” cannot exist except as a lietei ozygous chaiactei It is 
tonned by the united action of the deteinunants of a pair of 
allelomoiphs, ol which one is deep cnmson and the other 
white 

In the examples just desenbed the mhentance of only one pair 
of allelomoiphs has been considered When two pans of allelo- 
morphs aie consideied it has been found that the results are 
gcneially explicable on the same hypotheses, namely, that the 
deternvnants of opposing allelomoiphs aie segiegated at the 
foi mation of the gametes and that the gametes containing these 
dilfeient deteinunants aie formed in equal numbeis and unite 
togethei indiscriminately It is fuithei piemised that the vanous 
deteiminants are tiansmitted without influence on, and inde- 
pendently of, one another 

Using, foi the sake ol convenience, the shape and coloui allelo- 
morphs of the peas for our illustration, we will consider the 
mhentance of these allelomorphs among the descendants of two 
puie peas, one round and green and the other angular and 
yellow 

Here the paiis of allelomoiphs aie loundness, angularity, and 
yellowness, greenness. The dominants aie loundness and yellow- 
ness , angularity and greenness aie the recessives We will de- 
note the deteiminants of the two pans of allelomoiphs as R, a 
and V, g 

The gametes of the lound and gieeii pea will all contain R and 
g the detei ininants of then characters. The gametes of the angular 
and yellow pea will si milady all contain a and Y. In fertilisation 
the heteiozygote RgaY will be fanned 11 and Y being dominant 
this heteiozygote will appear round and yellow 

When this heterozygous embiyo glows up, segregation of the 
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determinants will occut in the spoiemiothei -cells picluninan to 
the formation of the gametes (sperms and ova) Kmu difi< *nt 
kinds of speims will be found, vi/ RY, a\\ m ujiul 
numbeis, and foui diffeient kinds of ova, viz. RY, R*/, <r \ 1 ^ lt R n 
in equal numbeis The fom diffeient kinds ol speims will unite 
indisciimmately with the foui diffeient kinds ot ova, so that si\te< n 
distinct combinations 01 zygotes (oospeims) will icsuk ; RVR\ 
RYR?, RYoY, RYag, R^RY, R^, R^Y, R^i ciYRY, r/VR^' 
aVaY, dYag ; ^RY, a^-Rg-, agaY t agag 
These combinations will be moie easily followed by u (cionu* to 
the accompanying diagiam Heie along the upper side aie shown 
the foui diffeient types of speims which can unite with the loin 
possible types of ova The lattei aie indicated along the left side 
of the square The zygotes foimed by these unions aie shown m 
the subdivisions of the square, the determinants (onlnlmled by the 
sperms being m each case uppermost The shape of the embiyo 
is indicated by a zone lound the deteimnunts in the subdivision 
and its colour by the maiking ol the enclosing /one In the 
figure dotting indicates yellow and gieen is lepieseuted by short 
lines 


Among these zygotes RY11Y, RYRg, RY aY 9 R \ ( n> R 0 Ry 
R^Y, aYRY } aYRg, agRY, nine m all, will lesemble one another' 
and will show the chaiacteis of loundness and yellowness ,* t lit* 
z) gotes RgRg, R gag, agRg thiec in ntimboi, will appcin lotmd 
and gieen, the zygotes aYaY, aYag, agaY , thioc m nimibet, tt ,!l 
appear angulai and yellow. Them is only one ai'ciu which will 
appear angular and gieen, possessing the two ie< essiv'es only As 
each of these combinations is equally likely to he funned, in a lafe 
number of descendants we will got the ratios ol these hmi difleient 
categories to one another expiessed as follows : y , 3 : , ; , _ 

It will be evident that certain of these zygotes produced hv 
the union of two gametes having an identical constitution so i.u 
as the characteis considered are ccmcemed when soiled must 

^t ™Ve\l YRV s !P(’ aYa 7 • w ()1 ^ -is 

dom nant and dn ,W lSt ’ ™ Uwl '^I^'^vely the double 

vaneties may anse from hybndisation ' 

dominant charSer i 5 l ^ thttl ,n <l)1 P^ahty while the 

;l ^c-unma,U in tlu- 

>ng recessive chamcr., % this deteunniant causes the cones, mnd- 

pea is the icsult of th . ^ an « u,ilrit y ol “ <|Uadialc 

icsult of the absence ol the detonniiinnt ol toundness 
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winch if it weie piesent would produce inundness Simikuly a 
green pea owes its gieenness to the absence ot the determinant 
which if it weie piesent would < lunge its colom to yellow 

Mendel investigated the mheiitance ol a numbei of these allelo- 
morphs, and he showed that like those, which I have just descubed, 
they were each transmitted independently In this way we come to 
look at an individual as a mass oi unit characteis each lepiesented 



I h ig. 94. — Diagram to illustrate the inheritance ot two pairs of characters 
U 1 '■ Yellowness greenness) 111 the F 2 generation 

' vU otes is represented by the figures rn the sixteen 
squares The letters indicate the determinants contributed by the germ- 
cells, those from the sperms being above m each case The shape of 
the zygote produced is shown by the outline (round or angular as the 
case may be) . when yellow, it is marked wiLli dots and when green, 
with lines, 


by a detciminant m the geim-plasm And evidence has since been 
adduced in kivour of the view that the chiomatm ol the nucleus 
contains these determinants When both parents of an individual 
contribute the deleimmant of a given diameter eveiy gamete 
produced by that mdrvidual writ receive that determinant; but 
where only one puient contributes the determinant then only hall 
the gametes ot the individual will receive and contain it The 
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allocation of the vanous deteiminants seems m the gicat m.qonty 
of cases to be quite foituitous and they do not as a uile appeal to 
exercise any attraction 01 lepulsion on one anothei tending to 
favour special combinations 

While the deteiminants aie thus genetally quite independent of 
one another the characters connected with the deteiminants may 
influence each other to a gicatei 01 less extent This is some 
times particularly clear m dealing with eoloiu-eluiaeteis The 
following is a striking example Jkatescm ciossed two vanetus oi 
white-floweied sweet pea, each of whit h when selfed piodut ed onjy 
whites Contiaiy to anticipation all the hyhiitl geneiation boir 
purple flowers When these pui pie floweis weie soiled the off- 
spring formed weie m the piopoition ol nine (domed to .seven 


white The explanation of this sinking lesult is pioluhjy th.it one 
of the original parents contiibuted a deteinnnant, wluth we may 
call C, secuimg the production of a < hiomogen (a eolmu-iomung 
subbtance or mixture) m the flowei, but which m the absent e of 
a suitable agent cannot pioduce the coloui , while the olhm p a u*nt 
contributed the determinant R, secunng the fmmntion oi the agent, 
probably an enzyme Consequently the puiple coloui ran only be 
developed m those individuals m which these two ehauu lets <o m ~ 
cide The observed ratio of colouiecl to white individuals m the 
F 3 generation appears immediately \i we assign the lettns (\ 
and Rr to the presence and absence of the determinants of the 
two pairs of allelomorphs. Evidently the combination CR mil 
occur m nine individuals, cK m thiee, C> m llnee and o m one 
of every sixteen individuals formed Only those in wind) < \md 
R occur can produce coloui, the icmainmg seven must be white 
Many cases of this interaction of chaniciets me known, some 
much more complicated than that just dost abed -eharatlcis of 
structure may even interact with characters of < oloui. Thru m- 
vestigatmn has shown how a numbei of appaient exceptions and 
contradictions may be explained 1 

few instances which time has allowed to he Inmiuhl im- 
ward m i lustiatmg these fundamental laws of hciediiy have bbn 
neaily all drawn fiom expedients with plants. U must not 1 „. 

eSmeit at a nd Se i aWS apply , t0 only. Vast m.mbms of 

experiments and observations have shown that tlu*y air ruinlh' 

« - 
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PRACTICAL WORK 

Evidently biecding expenments aie impossible m a shoit elementary course, 
so that we will have to content 0111 selves by becoming familial with one or 
two classical examples of unit characteis 

Select out of a mixture ol edible pea seeds some which aie angular (quad- 
tate) and some which aie lound If such a mixtuie is placed on a smooth 
piece of boaul and the lattei is slightly inclined gentle shaking will make the 
round peas run down the slope leaving the angulai ones in position on the 
board 

From a similar mixture select green and yellow coloured peas. By re- 
moving the seed coat of some of the peas notice that the colour of the 
cotyledons of the embryo may be concealed by that of the coal It may be 
recalled that the coat and the cotyledons belong to different geneiations 

Wiite down the possible offspungot a lound yellow pea of unknown origin 
when selfed 

What offspring may be produced by plants giown horn each of the follow- 
ing when selled lound green, angulai yellow and angulai gieen peas* 

What offspring would you expect hom a plant giown from a lound green 
pea when pollinated by one grown from an angulai green pea * 



LECTURE XXX 


Casual observation of living natuie and the mote c aielul study 
of a certain numbei of plants 01 animals cannot tail to laise the 
question as to how the mnumeuible diffeient kinds of oigamsms 
came into existence Of flowonng plants alone theie aie moie than 
one hundied thousand species known. Of the lowei plants piobably 
neaily as many aie known, and it is ceitam that gieat numbers aie 
still to be discoveied 

How did all these species 01 lgmate 

In eaily times the answci was given with no hesitation. Each 
species was cieated at some peuod m the past. Moie leeenlly die 
fuither dogma was added, that species aie immutable, be aie in- 
capable of alteration through the lapse ol ages. 

Finding similanties between various animals, independent minds 
on moie than one occasion, even in ancient times, suggested a te- 
lationship between these similar foims, and moie 01 less (dearly in- 
dicated thalsimiku animals aie smnlai, because' drey aie descended 
fiom a common stock [t was, however, reset ved foi Dai win in the 
middle of the last centuiy to devote himself to collecting and silt- 
ing evidence with the set and definite pui pose ol establishing 01 
refuting this view The evidence which he amassed and examined 
led him to accept and formulate lire theoiy ol Evolution 

The theoiy is of such universal application in biology and it in- 
volves such far-reaching deductions that biologists of all kinds have 
investigated its truth and adequacy fiom the most various points 
of view, and have tested it by countless observations in the most 
divetse blanches of biology Tts sufficiency has been tiled not only 
with the facts it was formulated to explain, but also with many 
otheis discoveied since its enunciation Besides this scientific en- 
quny it has been subjected to the most unsparing criticism ol those 
who fiom previous tiaimng 01 prejudice were hostile' to the theoiy. 
This contioveisy, m addition to silting the evidence for and against 
evolution, lias been responsible foi a vast amount of uvuich, and 
so has resulted m gieat additions to knowledge and has opened up 
avenues to the most elevating human speculations, 

270 
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It now icmains to summause veiy bnefly the salient points of 
the botanical evidence which has helped to lead scientific opinion 
ol to-day to accept the theoiy of the Ongin of Species by Descent, 
01 as it is often called the theoiy of Evolution 

We will consider the evidence undei thiee heads (1) Evidence 
ftom Moiphology (2) Evidence fiom Distribution (3) Evidence 
ftom the Geological Rccoid 

Fust with legaul to morphological evidence 
(a) Aigument fiom Classification Even when live dogma of 
the immutability of species was geneially held, natuialists in ex- 
amining and lecoidmg the thaiatteis ol species iccognised that 
gioups of these species had featuies in common, and weie dis- 
tinguished by these featuies. I he smaller gioups of speues were 
called genera Thus the genus Ranunculus is a gioup of seveial 
iliffeient kinds of buttercup, e g the species Jt fwlfrosu?, It repens^ 
etc It was noticed that the species natuially giouped them- 
selves so that those of one genus lesembled one anothci moie 
closely than the species of diffeient genet a Smulaily these 
geneia could be ai tanged m laigei gioups, often called families 
r These two teims aie in themselves significant They indicate 
that those who applied them had m their minds the idea of 
lacial and lamily lelationship The families w T eie associated 
into oidcis and the oideis into still laigei assemblages called 
classes In anangmg the vanous kinds oi plants and animals in 
the classification of species, geneia, families, oiders, classes, etc , the 
lelationship of the various species in a genus, 01 of the geneia in 
a family was puiely ideal, and the grouping of similar forms undei 
eeitain names was puiely foimal and was meiely a matter of con- 
venience in the minds of those who believed that species aie immut- 
able Evidently if the dilfeient species had been foimed as special 
acts of ci cation and weie capable of no subsequent tiansfoimation into 
othei species, no genetic connection linking individual species was 
possible Thus classification was legarded as aibitiaiy, depending 
solely on the distinguishing eiiteiia selected The unsatisiacton- 
ness ot this view, coupled with the observation that family le- 
semblances m man aie based on genetic iclationships and the 
gieal piolulnhty (as was stiongly held by many w r ho asserted 
the immutability ol species) th.it lacial eluuacteis indicate common 
uncostly, led biologists to iejc‘ct the theoiy ol special a cation 
They saw m the possibility of the dassification of oigamsms a 
stiong icasonkn assuming common descent I01 those species which 
closely resembled one another, and foi believing that the closeness 
of resemblance is in general a measure oi the closeness oi the fotms 
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consideied to the common stock Thus the Relationships levculed 
by classification aie leally genetic lelationships and the diffeient 
species included in a genus are the laminations oi difieient lines 
of descent fiom a common ancestnil stock hvulonlly the ap))h( ,i- 
tion of the theoiy cannot stop here ( he possibility of gnmpmg 
geneia into families and families m turn into ouleis ioices us, on 
the same principle, to admit common oiigms foi these gionps, and 
we must regai d the lelationship connecting the living species oi 
organisms as compaiable to a vast and most complex genealogical 
tree, staitmg the pedigiee with those foims oi life not distin- 
guished as belonging to eithei the vegetable 01 animal kingdom, 
and branching, with the giowth of complexity and difieicntiation, 
into kingdoms, sub-kingdoms, divisions, (lasses, ouleis, bundles, 
genera and species. Thus each species, fitting as it does into its 
place among the outermost branches ol this genealogical t ]e e 
indicating by its stmctuie its lelationships to its neighboms, adds 
evidence m favour of the theoiy of descent 

(b) Argument fiom modified paits Natuialists me familial 


with examples both m plants and animals of pails which, appealing 
m two different species and piesentmg undei lying and funda- 
mental similarities, aie yet stnkmgly modified m shape and stiuc- 
tuie For instance, while the leaves of many leguminous plants 
are subdivided into small leaf-like pinnae, m otheis some oi the 
pinnae aie represented by filiform tendnls, which by twining lound 
supports sustain the weight of the plant Such tendiils have long 
been described as modified leaves The lational explanation of 
such modified parts is, as the name implies, that the anccstois oi 
the plant in question weie possessed oi fiat pinnae, like some of 
then living descendants, while othei descendants have become 
modified into tendril-bearing species In the same way we find the* 
spines of Cacti lepresent modified leaves, Othei plants futm.sh 
examples of leaves being modified mto floating oigans, into turns 
for the capture and digestion of animals, into oigans ioi die ac- 
cumulation of humus, etc Leaves aie not the only oigans which 
are subject to these modifications but each and eveiy pa it furnishes 
similar examples In fact all the distinguishing ohauictas between 
allied species are modifications of oncestml pails and all emphasise- 
the reality of the ongm of species by descent 

(0 The argument fiom the existence oi homologues is m wait tv 
an extension of that based on modified parts. Tf each species 
wme the result of a special creative act Iheie would be nousiscm 
why there should be found in widely divergent species pails ho mo- 
logo™ to anothei. Bu, ,f 
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matteijiow diveigont m foi m, as denved from a common anccsloi 01 
stock, then the homologues find then natuial explanation as being 
modifications of the same pait or structme of the ancestial stock 
'Thus the numerous and close homologues m Funana hygtometnca 
and Mai chan tia polymorpha aie stiong evidence that these two 
spe( les, though now vciy diffeient fiom one anothci, are descended 
iiom a common stock Wheic the homology is not so sinking 
but is still easily 1 ecognisable, as foi example between Maixhantia 
polymorpha and Pinus ulvesiri^ we must still conclude that the two 
have had a common anccstiy, but evidently the much gieatei 
diffeience shows that the diveigence of the two lines of descent 
must be attnbuted to the still moie 1 emote past The existence of 
homologous paits then shows the genetic lelationship of classes and 
divisions ot species much in the same way as the existence of 
modified pads establishes that relationship between eompai atively 
c losely ximilai species 

(d) The aigument fiom Vestigial stiuctuies Many instances 
aie known of pads and stiuctuies ol oigamsms which have no as- 
signable 1 unction, and, in some cases, may be even disadvantageous 
to the individual As an example of these we may cite the 1 educed 
01 fugitive vegetative cells of the pollen-giain of the Seed-plants, 
the antipodal cells of the female gametophyte of the Angiospeims, 
the fiuit of the banana which nevei pioduces good seed, the ligule 
of Selagmella and the classical example fiom the animal kingdom — 
the appendix of Man On any theoiy of special cieation it is 
inaudible that oigamsms would be endowed with these useless, 01 
even ledundant pads, while if we legaicl existing plants and 
animals as modifications and tiansformations of pre-existing foinis 
then it is natural that in these transformations the functions of 
some pads will be usurped 01 entnely superseded by otheis But 
the pads themselves, still mheuled from the ancestois 111 which 
they weie functional, aie now functionless and reduced, being en- 
ci cached upon by new developments. They aie aptly compared 
to the footsteps of a receding past giadually undeigomg obhteia- 
tion in the changing stiuetme of the species. 

(2) Evidence from Distribution 

The theoiy of Evolution furnishes a key fox the explanation ol 
the most vaiious moiphological facts, and the moie diverse the 
facts it fits in with, the moie convincing does the theoiy become 
When the ntnge ol (acts explained by the theoiy is as laige as has 
been indicated the conviction of the Uuth of the theoiy glows 
almost 1 to a ceitamly At the same time moie duect ptoof would 
be acceptable 11 we could isolate a numhei of species and watch 

IB 
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then succeeding geneiations, lecoiding any changes which oc< uiietl 
or noting their stability or immutability, we might then obtain 
direct proof of tiansfoimation oi suppoit of the immutability ol 
the species obseived Such isolation expenments have been made* 
by many observers, but the lesults have not been decisive In the* 
first case the time that has been possible to allot to them is ptoh- 
ably vanishingly small compaied to the time occupied m the 
transformations of species m natuie then again, the changes which 
have been noted have been eithei not tiansnntted oi vvheie the y 
have been inherited there has been the doubt that they au* not 
of sufficient magnitude to justify our legaulmg the new foims as 
distinct species 

Fortunately this expeumenl which is icndeiecl unsatuslac toi y by 
the time limit of human obseivation and indecisive owing to the 
natuie of the changes actually obseived, lias been caiiied out many 
times over m natuie The most sinking lecoids ol it aie louncl 
m the oceanic islands These aie islands sepauited horn the 
continents by laige tracts of sea They have onginated, m moie 
or less remote peuods of the past, fiom the outbmsts of suhnumne 
volcanoes, oi from the upheaval of pails ol the ocean ilooi. The 
pi esent population of plants and animals of these islands always le- 
sembles the inhabitants of those continents from which they ai e most 
accessible moie closely than those of moie distant lands. I lent e it 
is known that it is derived from chance colonists, home on the' an, 
it may be as seeds or spores, on the sea, oi even by buds, in cases 
where isolation is very complete the peuods of time elapsing be- 
tween such colonisations maybe veiy gieat Hence* the* speues t 
inhabiting these islands, del iveci horn the continent horn which * 
the islands aie most accessible, develop them but slightly mil uenml 
by crossing with the paient stocks fiom whith they have been de- 
rived If species weie immutable, the species now found on these 
islands should be, so fai as climatic conditions permitted, the same 
as those on the colonising continent On the othei hand, it species 
are mutable we would expect to find a laigui or smallei numbei oi 
species on these islands not found on the continent, these new 
species having ansen by transfoimation of some oi the colonising 
species. The proportion of new species would in tins case depend 
on the completeness of the isolation, the rate oi tianslommtion and 
the period of isolation We may illustrate the general lcUtionship 
found m these cases by a few facts di awn liom Dai win's account 
of thefloia or plant population of the Galapagos Islands. 

This group of islands lies on the equaloi due west ol Kciuuloi, 
about 500-600 miles from the coast of South Ameiica. They ate 
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volcanic m oiigm, and the fact that some of then ciatois aie still 
active shows that the islands have been foimed In comparatively 
lecent geological time When Dai win hast landed on the archi- 
pelago he was disappointed with the un interesting appeaiance of 
the stunted vegetation He noticed, howevei, that this dwarfed 
vegetation s] lowed an unmistakable iclationship with the floia ol 
South Amenca, being composed of the same ordeis and classes 
On fuithei examination hi was astonished to find that most ol the 
species wete chheient horn those lound m South Amenca Thus 
of the 175 species ol flowei mg plants found by him in the Gala- 
pagos, 100 aie not known elsewheie m the woild, although some 
of them belong to South Amencan geneia 01 the twenty-one 
species ol the oidei Composite found on the Galapagos twenty aie 
found only theie They belong Lo twelve diffeient geneia, of 
which ten aie pecuhai to the aichipelago His examination 
bi ought to light another veiy intei esting point Where a genus 
was widely spieacl over the aichipelago, the species of that genus 
found in the different islands differ fiom one anothei Thus a 
genus ol a tiee-like composite, Sealesta, which is spiead over six of 
these islands and is found nowhere else m the woild, is lepiesented 
in each island by a diifcrenl species Similar instances ol this 
kind of distiibution of othei genera of plants weie found The 
analysis of the animal population gave results quite like those of 
the vegetation, and it is not smpusmg to learn that it was these 
observations made on the Galapagos Islands which weie dnectly 
lesponsible foi turning Dai win’s thoughts to the pioblem of the 
origin of species The inevitable conclusion -which has to be 
diawn ftom these recoicls is that the descendents of most of the 
colonists since then transit from South America have become so 
tninsio] med that they no longer belong to the same species as their 
1 datives 1 camming 111 South Amenca In the case ol the genus 
Scalesia and many otheis this Hansfoimation lias been so piolouncl 
that the descendants of the colonists and those of then stay-at- 
home leUtivex can no longei be classed as belonging to the same 
genus The oceunence of dificront speues on the six diffeient 
islands allouls conclusive evidence that new species have ausen m 
the aichipelago, and that the observations cannot be explained by 
the dying out of the patent stock on the adjacent continent The 
huge number of species peeuliai to the islands, and the fact that 
these species belong to the most vanous classes and oideis, also 
pur hide this view, 'The smallei number of species common to the 
islands and the adjacent continent may be aUubuted lo the stability 
of these species, but with gieatei probability to then mote iceent 

18 * 
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mtioduclion The fact that the islands have been of comparative]) 
lecent foimation shows that the tiansfoimations of species occur 
within limits of time which make these changes of pnme importance 
m the evolution of oigamsms m the history of life upon the eaith 

(3) Evidence from the Geological Record 

Decisive evidence on the mutability species would be affouled i 
we possessed complete collections ol the flora 01 fauna of soon 
district extending back ovei a sufficiently long period In su cl 
collections, herbaria of clued plants foi example, if speues wen. 
immutable we would find the plants between the eailiest page 
exactly corresponding m then specific chaiacteis with the mos 
recently collected specimens, while if they weie mutable the iccen 
specimens would be found to diveige fiom those between tin 
eailter sheets in pioportion to the time elapsing between the tw< 
periods of collection and to the mutability ol the species con 
sideied 

While scientific collections do not extend ovei nearly giea 
enough periods to show great transformations, and aie not by an 
means sufficiently complete to establish small changes, the sedr 
mentary locks of the earth’s suiface do foim such ehionologica 
collections which extend into sufficiently remote penods to lecou 
the great tiansfoimations Unfortunately the lecoid is so moon 
plete that the mrnoi and more giadual changes are but seldoi 
registered m what is preserved. The stiata of these rocks — th 
pages of the majestic volumes of the Book of Time — weie lai 
down on the margins of past continents and m great inland sea* 
They contain the remains of past floras and faunas, which lived an 
died on the suiface of sediments accumulated before them, 01 wei 
carried short distances to be laid between the leaves of natiue 
record Here, m fortunate instances, they were preserved by tl 
infiltration of mineral solutions and now form fossils giving us son 
indication of the remote ancestors of oui present living being 
The study of these fossils clearly establishes that the fuilher v 
turn back the pages of* the geological recoid the moie widely do< 
the flora pieserved theie differ fiom that which is now aiound u 
In recent locks we find the remains of existing ordeis and tkissc 
Moie seldom have existing geneia and species been found 1 
eailier sediments no records of flowenng plants aie seen, while ier 
and even feins pi educing seeds are plentifully lepiosented. In tl 
earliest rocks of all not only flowenng plants but even ferns lea 
no recoid, and the only specimens found are such as belong to tl 
more simple and primitive gioups A parallel recoid of anin 
remains, more complete seeing that animal structures lend thui 
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selves moie leadily foi preseivalion, liace the animal kingdom 
fiom its simple beginnings to its piesent marvellous complexity 
Thus in this gieat book we find wntten m bold outline the histoiy 
of 01 game evolution. While m most instances the recoid is only 
m outline some details of fascinating interest have been pieseived 
Thus botanists have been able to tiace the ongin of seed plants 
fiom fem-like ancestois, and then investigations have made us ac- 
quainted with the foim and the minute stiuctuie of many seed- 
beaung Feans, which aie genetic links between the piesent seed 
plants and pnmitive feins Veiy recently fossds have been found 
probably lllustiating similai connecting-links between the mosses 
and feins Similai discovenes of much moie complete connecting 
senes in the animal kingdom weiemade m the last centui y, so that 
to-day the geological lecoicl stands as one of the most convincing 
proofs of the Lheoiy of evolution 

While naturalists are pretty well agreed that the vast numbeis 
of species, as we see them on the eaith at the present day, have 
ausen by descent fiom pie-existing less numeious mid more simple 
foims, there is no such general agreement as to the mannei m 
which this evolution and these tiansfoi mations of species have come 
about 

Darwin’s gieat contribution towaids the solution of this problem 
was the theoiy of natural selection And it is to this lheoiy that 
the name of Darwinism is propeily applied 

Stalling fiom the observations that the individuals of the pro- 
geny of any two parents, or of any single bisexual individual, differ, 
oi vaiy, among themselves, and that, as many vanations are hen- 
table, human selection can pioduce special races fiom a common 
stock, Dai win conceived that if some natural cause acting m a 
similai manner to human selection could be shown, then an ex- 
planation would be given as to how a certain line of descendants of 
a species is caused to diveige moie and moie fiom its aveiage 
iluiactei until a new species is foimed Reflecting that many 
moie individuals aie bom in 'each species than can come to matin lty, 
and that m the struggle foi existence many pensh, while only the 
fittest — or those endowed with vanations which enable them to com- 
bat better external and internal conditions-— survive, Dai win recog- 
nised in this weedmg-out process a natmal factoi compaiable to 
human selection in the artificial production ol van ous bleeds and 
races This factoi he called Nairn al Selection 

None can deny that natmal selection operates to eliminate tire 
unfit, but biologists are not agieed as to how fai the observed 
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variations aie adequate to account^ foi tin* tiansloi millions of 

species. . . 

The oldei attempt, associated with the namt of Laman K, to 
explain the transformational* speues, assumed that, as m the indi- 
vidual, the use of a part seciftes its pea lection and development, 
while 'if it falls into disuse, aliophy and 1 eduction ovci takes it, 
so m the race those pails which wine used and exeu lsed aie de- 
veloped while those which are -superfluous and disused disappeai 
and atrophy The chaiacteis piodiued by exoiriso aie evidently 
chaiacters acquired by the individual, and m piopoition .is expeii- 
mental evidence has accumulated showing that such dnnuteis aie 
larely if evei tiansmitted, Latnaiek’s theoiy ot the tiansloimation of 
species has lost giound 

Another possible cause contributing to the tiansloimation of 
species is the segicgation of detei minants in lire fonuation of the 
germ cells, and the new combinations of chaiaeteis lesultmg limn 
fertilisation revealed by tescaieh following Mendel’s disuneiies 
But here again, although certainly new mees and vaneties an* 
formed by this process, all natiualists aie not convinced that the 
characters produced, 01 mack appaient, in this way aie of sufficient 
importance to tiansgies^ the limits of species and geneiu 

Thus while the "theoiy of evolution, 01 the ought of species 
by descent, stands established by the consistent evulenie of mans 
lines of lesearch, the method by which evolution aits temums a 
mystery Towaids the solution of this m)steiy we possess guiding 
suggestions, it is tiue, but whether they will ptove adequate, ot 
will have to give place to otheis when knowledge is extended, time 
alone can show 
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Crystalloids, 19, 20 

— solution of, 11, 12. 

Cystocarp, 119 
Cytase, 101 


Darwin, 270, 274, 277 
Daiwimsm, 277 
Death and repioduction, 126 
Decay, 52, 125 
Dehiscence of pollen sacs, 200, 232, 246 
Delafield’s hamiatoxylm, a stain for 
Mucor, 96 

Descent, theory of, Lectuie XXX , 270 
278 

Determinants (factois), 263 

— segregation of, 264, 278 

— uninfluenced by each othei , 265 
Dextrose, a product of inversion, ^o, 34. 
Diastase, 50, 10 1 

Diaster, 253 

Dicotyledons, 240, 244, 245 
Diffusion of crystalloids, 11, 12, 19, 20. 
Dioecious See Unisexual 
Diploid, 257 

Dispersion of light by colloids, 20, 
Dispireme, 253 

Dissemination of spores, 100, 132, 141, 
163, 200, 232, 246 

seeds, 209, 248 

Distribution and evolution, 273 
Disuse and atrophy, 277 
Division of labour, 85, 89, 107 
Dome of bordered pit, 193 
Dominance, 262 

— complete, 264 

— incomplete, 264 
Dominant character, 262 

— double, 266 
Double dominant, 266. 

— recessive, 266. 


Elahcrs of Maicbantia, iu 

/■' hdi a ( a noth lists , cell of leaf 1.3 (hig 

— — chloioplasts of, 42, 43, 47 

— — cytoplasm of, 43, 48 

evolution of oxygen by, ] 1 (l* lg 

— — nucleolus of, |2, 47 
nucleus of, 42, 47 

— — - photosynthesis in, 41 { .7 

sti earning of piotopUsm of, 48 

. vacuole of, 43, 47 

Embiyo, difietentuition of, 2150 
Embiyo-sac (— Megaspoie), 206 

— of Pinus, 206, 211 

Ranunculus, 234 

Scilla, 2 16 

Enmlsm in Penuillimn, iot. 

Emulsion, 26 

Endaicli, 187 

Endodemns, 151, 155, 173, 182, 223, 22 
Endospetm ( = Female gametophyti 
206 

— of Pinus, 206, 207, 209, 2TQ, 238, 2\ 
Endotiyptuse, 30 

Eneigy, soma of, f 01 plants, 50 

— supplied by combustion, 31 

— ultimately soldi, 51. 

Enzymes, 28, 29, 30, 31, 33, 34. 
Epidermis of leaf of 7 unit si an ha vi 

ginianai j. (Fig 2), 17 
Equaton.il plate, 251, 2(53 
Evapoiation, protection horn, 12 j, 12 
Evolution Set Theory ol Descent 

Fj, F a and F, { generations, 262, 
Factois (determinants), 263 
Fermentation, 33, 

Fibrous, layer of polkn sac of— 

— Pinus, 200 

— Ranunculus, 232 

— Scilla, 246 
Filament, 231 
Flowers, 230, 240, 245 
Foot, 140, 166, 17O 
Fossil seed-plants, 211, 277 
Fossils, 171, an, 276 

Fniillana im pet tails, seeds of, foi IV 
tosrs, 258. 

Fruit, 236 

— syncaipous, 248. 

Fucoxanthin, 10s 

Futus platyiaipus Lectuie XIV., 10 
112 (Fig 19) 

anthendta of, 108 

— — chiomatoplioies of, 105. 

— — * coiuuptaeles ol, 107, 

cm tex of, 104, iot;. 

division of, labour m, 107. 

— — gametes of, 108, 

— — growth of, 106. 

— — hairs of, 104, 106, 
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Finns plaiyunpus , medulla of, to6 

— — mid-iib of, 104, 106, 107 

• oogoma of, 108 

— — ova of, 10S 

photosynthesis of, 105 

— — sexual topioduction of, 107-112 
speims of, 109 

transpoit of matenalsin, 106, 107 

Funai ta h \g) omeli a a Lectui e XV III, 
I3S-I45 0 ? igs 26, 2 7, 28, 29, 30, 
3i) 

— — annulus of, 141 

— ' — anthcndia of, 137 

— — apex of stem, 136, 137 

— - apophysis of, 140, 142 
- uchegonia of, 138 

asexual repioduction of, 136, 143, 

calyptra of, 140 [144, 

columella of, 140. 

— — coitex of, 136 
cmbiyo of, 139 

geimination of spores ol, 136 

leaves of, 136, 137 

— - opeiculum of, 140 

ovum of, 138 

paraphy&es of, 137 

— - penstomium of, 1 [i 

protonema of, 136 

rhi/oids of, 136 

seta of, 140 

sperms of, 138 

stem of, 136 

— — stomata of, 140, 142 

theca of, 140 

vagina of, 140 

fundamental tissue of Aspidium, 148, 
149 

Pinus, 183 

Ranunculus, 217 

Scilla, 244 

Fungi, 97 

— nutution of, 102 
Fusion nucleus, 234, 248 

Galapagos Islands, 274 
Gametangia of thallophytes and «uche- 
goniates, 133, 134 
Gametes, 39, 40 

— differentiation of, no 

— haploid, 257. 

— of Aspidium, 165. 

— — C hlamydomonas, 39, 

— — hucus, 108, 109 

— — P unarm, 138 

March mtia, 129, 130, 

— — Mucoi, 94, 95, 

PemciHium, 100 

Pinus, 207, 208 

Poiysiphonia, 117, 

— — Ranunculus, 234, 235, 


Gametes of Scilla, 247 

• Selagmella, 175, 176 

Spirogyia, 70, 71, 73 

Vaucheria, 87, 88 

Volvox, 79, 80 

— puie, 1 e do not cany the two detu- 

nunants of a pair of allelomorphs, 
264 

Gametophyte, 142 
— • aquatic, 133, 164, 178 

— ooenocytic, 237, 238, 247 

— haploid, 257 

— male and female, 142, 177 

of Pinus, 207, 208, 210 

Ranunculus, 234, 235, 

237 

Scilla, 249 

— paiasitic, 208, 210, 211 

— of Aspidium, 164, 165, 166 
Funana, 142 

Matchantia, 142 

Poiysiphonia (—eaiposponc plant), 

— — Selagmella, 175, 177 [119 

Gaseous interchange, 124, 140, 142, 155, 

172, i8r, 184, 217, 222, 241, 242 
Gel, 22 

Gelatine, example of coloid, 20, 26 

— in colloidal state, 20 

— to damp ciliaiy motion, 40 

* solidify cultuie medium, 33, 59 

Genealogical tree, 272 

Gentian violet, stain for volvox, 82 

bacteria, 56 

Geological record and evolution, 276 
Geotropism of Mucoi, 93, 94 
Germ cells, 81 

Germ-plasm in nucleus, in. 

— the chromatin, in, 254. 

— not influenced by suit oun dings, 261 
Ghost-micrometer, 34 

Glucose formed from starch, 50 
Gravitational stimulus, 94, 99, 126, 236 
Gieen plants build 01 game from moi- 
ganic mateua'ls, 49 

supply food and energy to rest ol 

living nature, 47, 49, 51, 
Guard-cells, 143, 154, x8r, 216, 243, 
Gums, 22 

Gymnosperms, 21^, 237 
Haploid, 257 

Pleat, discontinuous, steulisatton by, 59 
*— of combustion, 32, 50 
Hereditary matenal. See Germ-plasm. 
Heredity, Lecture XXIX , 260 2O9 

(Figs 92, 93, 94). 

Heterosporous plants, 178, an, 213, 
Pleterospory in Pinus, 209, 211. 

— — Ranunculus, 237 

Scilla, 249 
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Heterospory in Selaginella, 178 
Heterozygote, 264 
Heterozygous, 264 
Holophytic nutrition, 49 
Holozoic nutrition, 49, 102 
Homologues, 168, 213, 272, 273 
Homozygotes, 266, 

Hook, Robeit, 84 

Hunger stimulus and sexual leptoduc- 
tion, 40 

Hydiolysis, 16, 28 

Hygroscopic curvatuies of elaters, 132 

— peristomium, 141 

— „ seta, 14X 

Immor 1 ality of Chlamydomonas, 72 

germ cells, 81 

Spnogyra, 72 

unicellular organisms, 82 

Indusium, 16 1 

Insect-pollination, 234, 237, 247 
Integument, 206 

— of Pmus, 206 

Ranunculus, 234 

Scilla, 248 

Internal suppoi ts of tracheids and vessels, 
228 

Invert sugai , 30, 34 
Invertase, 30, 34 
Iodi, liquor, 8 
Isodiametncal cells, 105 
Isolation experiments 274 

Karyokinesis See Mitosis 
Koch, 58 

Lactic acid, 65 

Lactose, 65 

Lamarck, 278 

Land flora, 121 

Leaf-pigment, 46 

Leguminous plants, nodules of, 67 

— — tendrils of, 272 

Levulose, a product of inveision, 30, 34, 
Life, 33 

Light-stimulus and gemmae, 126 
Ligule, 171, 205, 273 
Limn, 251, 253 
Lipase m PemciUium, 101 
Lip-cells (stomium), 162, 

Lipoids, 16, 17 
Liquor iodi, 8 

Lock and key theory of enzyme action, 
102 

Loculus of ovaiy, 246 

Magnesium, essential element m proto- 
phlasm, x6 

— m chlorophyll, 46 
Maltase, 50 


Manhantm polymotftha Lectui es 

XVI , XVII , 121 134 (Figs 
22, 23, 24, 25) 

air-chambers ot, 122, 124 

alternation of genet ations in, 133 

(Fig 30) 

— — anthendu of, 128 

anthendiophoie of, 128 

— ■ — archegomophoic of, 130 
archegonmm of, 130 

asexual lepiodue Lion of, 125, 126 

cellulai dihet initiation ot, 125 

— — cupules of, 126 

-— — death and leptoduction of, 126. 

dehiscence of spoiangium, 132 

elateis of, 731 

embiyo of, 131. 

— . — feitihsation ol, 130 

foot of, 131 

gemmse of, 126 

mid-nb, 122 

oosperm of, 131 

ova of, 130 

photosynthetic cells of, 124 

pits in cells of, 124 

rhizoids of, 122, 12 \ 

SCalcS Of, X 22 

sperm-cells of, 129 

sporangium 01 spore-capsule of, 

* 3 * 

spoies of, 131 

stalk of, 132 

thallus of, 122 

ventilating poies, 123 

Measurement, microscopic, 23 
Medullary rays, 186, 195, 197 

secondary, 186 

Megaspoies, 173 

— of Pmus, 206, 207, 2t 1 
— Ranunculus, 231., 233 

Scilla, 248, 249 

Selaginella, 173, 173 

Membrane, serm-permcable, 14. 

Memory, physiological, 39 
Mendel, 261, 278 
Mesarch, 187 

Mesophyll cells, supported by osmotic 
ptessme, 133 

— laboratories for synthesis, x 37 

— of Aspidium, 133 

Pinus, 181 

Ranunculus, 222 

Scilla, 245 

Metabolism. 57, 64 
Microscope, measurement with, 23 
Micioscopc, parts of the, 1, 2, 

— use of, 3> 4, 5, 6, 7 
Micro-organisms, Lectures VII , VII I. , 

and IX., 52-67 Ses Bacteria, 
Micropyle, 206 



Index 


285 


Micfiopylo or Pinus, 206 

Ranunculus, 234 

Miciospoies, r73, jot, 212, 213, 232, 
237, 2 19. 

Milk, souung of, 6c; 

Mitosis, Lee tm 0 KWI If. , 250 259 (Pigs 
9 °> 9 i) 

Modified pai ts and evolution, 272. 
Monastei, 253. 

Monocotyledons, 240, 244, 245 
Moiphology, evidence from, 271, 
Moitality of organisms, 82 
Mould, blue t f\ hu 1 fit tun glam u ut, 
Lee tiu e XIII 

- white* »S ec Mucoi, Lectin e XII 
Mucoi, Leetuio Xf I , 9i-gc> (I*ig 17) 

— - a patasite, 95 

- a saprophyte, 95 

— anaerobic modification of, 96 

— ase vital lepioduction of, 9 p 
— ehemotropism of, 92, 93 

— coenocyte of, 91, 95 

— ccxmocytic gametes of, 95 

— columella of, 94. 

— cuivature of, 93. 

— cytoplasm of, 91 , 92 

— mycelium of, 91. 

— nuclei of, 92, 9 p 

— nut ut ion of, 95 

— iespnation ol, 96 

— 1 espouse to gravity ol, 93 

- hght of, 93, 

— sexual ^production of, 94, 95 
— • spoiangiophote of, 94 

— sporangium of, 94 

— spmes ol, 94, 

— zygospme of, 93 
Multicellular plants, 23, 76, 82, 
Mutability of species, 274, 276 

Natural selection, 277. 

Nitrates, \x, 49, 63, <54, 66, 67, 69, 78, 
83, 96, X07, 1x6, 142, 156 
Nitnfymg bactcua, 63, 64 
Nitrogen, fioe, utilised by bacteria, 63 

— uu illation of, 63, 66, 67 

sotuec of, 1m gi eon plants, 49, 66. 

— - sources ol, foi holozmc plants, 3X, 49, 

Nuiellus, 206 [62. 

— - of Pmus, 206, 209. 

— — Ranunculus, 234, 

— - Sulla, 246, 

Nuclear fluid, 250, 2151. 

— division. Ste Mitosis. 

— membrane, 250, 25O 
-- net-woik, 2*50 

— plitc, 253. 
thioad, 25 r, 255 

Nuelcimc acid, 251. 

Nucleolus, 25T, 233, 2155. 


Nucleus contains the heteditaiy mateual 
(get m- pi as m), in 
— * does not arise do 11 000 y 250. 

— granulai m appeal ance, 251 

— of cell of epidetmis of leaf of Ttade\~ 

tanlui vit qnitana, 3,4,6 

— lestmg, 250 

Nutation, holophytie and holozoic con- 
trasted, 49, 62 

Ocpanic Islands, 274 
Oospeim, 89 

Opeiculum, 1 [o [89, 120 

Optical section, 6, 17, 23, 36, 47, 74, 83, 
Osmotic picssme, u, 12, 13, 14, 19 
, 09 , ISO 

of vacuole, 14, 93 

Ovaiy, 233, 237, 246. 

Ovules ot Pmus, 205 
Ranunculus, 233, 

— -L. S cilia, 246 
Oxygen, evolution of, 41. 

Pai r>Aru paienchymaof Aspidium, 155 

— of Ranunculus, 222 
Pmaphyses, 137. 

Parasitism of bacteria, 62, 

- gametophyte, 177, 208, 210 

— — Mucor, 95 

— • — spmophyte, 142, 143, 
Pmtlienogenesis, in 
Passage- eel Is, 242 
Pastern, 58, roi 
Pathogenic bacteria, 65 
Pectose, 253. 

Penn lilt u in ^lattcum Lecture XIII , 
— asei, 101. [67-103 (Fig 18) 

— — ascocaip, 101. 

aseogenous hyplim of, 100 

ascospores, xoi, 

— — • asexual repioduction of, 99, 100. 
blanches ot, 99. 

chemotiopism of, 99. 

ccmiocytcs of, 97 

— — eomdium ol, 99 

— enzymes ol, 101, 

— - gainetangm ol, 100 

— geotiopism of, 99. 

— ^ hyplwu of, 97. 

— — mycelium ol, 97 

— - nitrogen, sow ce fot, roa 

— ~ nuclei ol, <17, 

— - nutntion ol, toi 
— * — oil diops in, 97, 

mimivoiom, tux. 

— osmotic piessuie m, 99. 

— - — iespnation of, 103. 

— rigidity of, 99 

•— * — - sexual 1 eproduetion, 100, iot, 
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Pe mttlhu m g la uc u m , sterignuta of, 99 

— — tat tanc acid changed by, 101 
Peptide linkage, 17 

Perianth, 246 

Pencyele, 151, 155, 223, 241 
Peiistomium, 141 
Petals, 230, 246 
Petii-chsh, 61 
Phloem. See Bast 

Photosynthesis (caibon assimilation), 41- 
47, 69, 78, 8s, 107, 124, 142, 157. 

— action of chlorophyll m, 45, 46, 47 
chioroplist in, 45, 4 6, 47 

— enzymes enteung into, 44 

— formaldehyde, in, 44 

— hex oses m, 44 

— hydrogen pei oxide m, 44 

— staich formed in, 44 

— suciose in, 44 

— supplies food and eneigy to living 

nature, 47, 51 
Phototropism of Mucor, 93 
Physiological species, 65 
Piliferous layer, 241. 

Pmus silvesttis Lectuies XXII , 
XXIII , XXIV , 179-2T4 (Figs 
St, 52, 53, 54, 55, 5^, 57. 58, 
56, 60, 61, 62, 63, 64, 65, 66, 
67, 68, 69, 70, 72) 

— — an -passages of, 184 

apex of stem of, 185 

,u chegom 1 of, 207 

baik of, 198 

bordei ed pits of, 193, 194 , 195 

bract-scale of, 205 

cambium of, 186, 183, 192 

carpels of, 205 

conducting tracts of, leaves and 

dwaif shoots, 182, 183 

development of, 186 

long shoots, 184 

— . — coitex of, 184. 

cotyledons of, 209 

cuticle of, i8i, 183 

dwaif shoots of, 179, 182, 183 

embryo of, 209 

embiyo-sac of, 206 

endodermis of, 182 

endosperm of, 206, 207 

epidermis of, 18 1 

— —* fundamental tissue of, 183. 

gtowth m length of, 185 

thickness, 1S6 

— ■ — heteiospoty in, 209 

integument ( = seed-coat), 206 

leaves of, 179 

life histoiy of, 209 

long shoots of, 179, 180 

medullary rays of, 184 

megaspore-germmation, 206, : 


Put us u/veshis, mesophyll of, 181 

micropyle ol, 206 

nucellus of, 206 

oosperm, 208 

ova of, 207. 

ovules of, 205 

pericycle of, 182 

pith of, 184 

pollen of, 200, 201, 202 

pollen cones of, trp 

pollen-sac of, 200, 201 , 202 

pollen tube cell of, 207 

pollination of, 207 

ptimaiy and secondary tissues of, 

186 

piocambial tiacts of, 18^ 

piotoxylem, sti etching ol, 192 

resin passages of, 184, 

root of, structure of, 188, 189 

• loot-cap of, 190 

— • — root-bans of, T90 

scale-leaves, 179 

seeds of, 206, 209 

seed cones of, 204, 

spot ophylls of, 213 

spring wood and sum met wood, 

187 

stamen of, 200 

— stomata of, 18 1 

— ■ — stiobili of, 213 

suspensot ol, 208 

tap roots, 181 

— — traclieids in, development of, 193 
tiansfusion tissue ol, 18a 

water, path of, m, 190, 

wing of seed of, 206 

— — wood, sections of, 195, 196, 197 

conation in wood of, 188 

Pits, 106, 124, 149, 182, 193 el seqq , 221, 
227 

— facilitate passage of watei , 227. 
Plasmolysis, 14, 15, 18 

Polar nuclei, 234 
Pollen, 200, 201, 202 
Pollen-cones, 199, 204. 

— replace dwaif shoots, 204 
Pollen-giams ( = microspoies), 200, sox. 

— carried to mictopyles, 207 

— of Ranunculus, 232, 235. 

— of Scilla, 246 
Pollen-motlier-cells, 23T 

Pollen-sac ( = miciospoiangmm), 200, 
201, 202, 232, 246. 

Pollen-tube, 21 1, 235 
Pollination of Pmus, 207 

Ranunculus, 234, 237 

Scilla, 247 

Polysiphoma /ash quit a. Lecture XV., 
113-120 (Figs 20, 21) 

alternation of generations in, 120 
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PotvMphonia /tnSiijHt/tr, intheudia ol, 
T17 

~ - apex oi, 115 
— - asexual upioduetion ol, 116 



cirpogonium ot, 1x7 (Fig 21) 
caipospoies of, 119 

- — coitex of, 113, 1x4, tic; 

eystocaip ol, 119 

- - epiphytic, 1 1 3 

— - liaus of, 1 16 

life hisloi y ol , £19, xao 

— - medulla of, T13, 114, 113 

— ova of, 117 
pigments in, 1 14 

- ptoe.up ot, 117 (1* ig 21) 

— pi otoplasmie connections in, 115 

- lespnation ol, 116 

— - sexual leproduclion of, 1 17 
~~ sperms ot, 117 

tetiaspoies ol, 116 

tianspoit m, ixb. 

Uithogyne of, 1x7 (big. ji) 

Pnmuli “ unshed stta\vb j iiy, ’ 26c; 
lhoeambial Pacts, 183 250 
Pi ot at p, 117 (1* i g. 2i ) 

Piotease m PemciUiuin, tot 
Ptoteul, 17 
lhoteins, 16, 28 

chemical nature ol, id, 17 

— colloidal stale of, 19, 28 

— m pyi i»uoi(i f 37 
Ptou olytie enzymes, 28 
Ptotophloem, 186, 189,219 
Pioloplasm, appear am e oi, 6, 7, 17 

— assimilation ol, 31. 

— chemical natiue oi, 16 

— coagulation of, x6, 18, 22 

— constituents of, 10 

— death of, 17. 

— gel 01 sol, 22 

— in colloidal state, 22, 39 

— — plasmolysts, t<j, is 

— natiue of, xa, tx, 12, 

— oi cell ol /' lodi'ii cannrfenus, 42. 

- - - l hlamydomonas, 36, 37. 

— yeast, 24, 

“ physical basis of life," 17, 33 
ptoductumoi enzymes by, 33. 
lespitulion a physiological chauuiei 
istie ol, 33 

— semi permeable, rr, t_{. 

- streaming of, 48. 

Pi otoplasmie connections, 77, rr^ 
Piuiovylem, 140, 173, 1H6, 187, 188, 
192, 220, 221, 223, 24 1 
Puttehiction, 42, 

Pyrenoid, 37, 69, 77, 81 
of Chlamydomonas, 37 


Raciiis of Aspidmni, 153 
K uhal section, 188 

A \uitnuulu\ bnlbo\it\ and R npvus 
Lectin cs XX.V and XXVI , 
215-238 (logs 73, 7p 75 76, 77> 
78, 80, 81, 82 83) 

— - mi -passages of, 217, 222 
anther ot, 231 

antlur lobe ot, 231 

* antipodal cells of, 234 

- aichespona of, 231 

- - b 1st oi, 2T7, 220 

bundle-sheath of, 217, 218, 219 

- calyx of, 230 
cai pels of, 2 32, 236 

- clmmutophores ot petals of, 231 

— - conducting tiacts ol, 217 

- connective ot, 231 
coiolla of, 230 

-- — coitcx ot, 216 

— — cotyledons ot 24c; 

— cuticle of, 2x6 

— dehiscence of pollen sacs of, 232, 

imbiyo of, 235 [231 

— - cmbiyo sac ol, 234, 236 

— — endnspeim of, 23S 
-- ep iloi nus of, 216 
— Iihinent of, 231 

llowus of, 230 

fnut of, 236 

fusion nucleus of, 23 \ 
gametophyte, female ol, 233 
— male ot, 237 

— gcinunationol pollen gnuii, 235 

— seed ot, 236 

integuments of, 254, 236 

— — leaves of, 215, 222 

— - life-history ot, 236 

-- - computed with those of Aichc- 
gomates and ot Pinus, 238 
medullai y rays of, 2x7 

— — mieiopyle ot, 234. 

-- — nucellus of, 23 j. 

ovai y of, 233, 237 

— ovule of, 233 
ovum of, 234 

- - palisade parenchyma ot, 222 

petals of, 230 

— pith of, 2x7* 

— - pohu nuclei of, 23 j , 

— -- pollen-giaius ot, 232, 2$, 

po leu-mothei cells of, 231 
pollen sacs ot, 232 
pollination ol, 234 

- - mot piessuie m, 228 

- loots of, 22 3 
seed of, 230, 23d 
si pals ol, 23a 

spongy patent hyma ol, 222 
spotm-cells of, 233 
| - stamens of, 23T, 23O 
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R a mini ulus tepens , stems of, 215 

— — structtue of stems of, 216 

stigma of, 233, 234 , 235, 237 

stomata of, 2x6, 222 

— — style of, 233, 234, 237 

synei gidae of, 234 

tapetum of, 231 

thalamus or axis of, 230 

watei, rise of, in, 224 ei seqtj 

wood of, 217, 220, 221 

Recessive charactei , 262. 

— double, 266 

Reconstruction, nncioscopic, 68, 74, 89 
Red sea weeds, a source ot bactcua, 52 

Polysiphonia, example of, 113 

Reduction-mitosis, 255 el seqq> 

— in Fucus, 257 

Polysiphonia, 257 

— * — Seed-Plants, 257 
Spirogyra, 258 

Rcpi eduction, asexual, 39 See 

Asexual leproduction 

— sexual, 39, 72 See Sexual reproduc- 

— hunget stimulus and, 40. [tion 

— of Chlamydomonas, 39 
Spirogyra, 72 

— origin of, 40 

Resin ducts, 184, 196, 198 
Respnation aeiobic, 49, 50, 1 16, 157 

— anaerobic, 31, 32, 33 
-of yeast, 31 

— bacteria, 63 

Mucor, 96 

— . Penicillium, 103 

— defined, 32. 

— dependent on enzymes, 33 

— intermediate stages of, unknown, 51 
• — leverse of photosynthesis, 49 
Reversible actions, 29 

Rhizophore of Selaginella, 171 
Rhododendi on petal, 15, 17, 19 (F ig 4), 
Rigidity of cell, 19 

— — ■ leaf-stalk of Aspidium, 153, 158 
pinnae of Aspidium, 159 

— — stem of Pmus, 187 

Ranunculus, 219 

tissues, 19 

Root-apex, 242, 243 

Root cap, 153, 173, 190, 223, 242 
Root-hairs, 190, 241 
Root-pressure, 228 
Round ness, 261 (Fig 92) 

Sau.hatomyt.es a nvi^eiv Lectuies III 
and IV,, 23-34 (Fig 5) 

— — bud of, 25 

— * — cell-wall of, 25 

— — ~ holozoic, 102 

pi otoplasm of, 23, 

size of, 23 


Sacchci) omyt es t e) ev? ua, soui ce 

nitiogen toi, 102. 

spore of, 25 

Sapiophytes, 65 
Scalariform tiacheids, 14 9 
Scalesia, 275 

St ilia nutans . Lectuic XXVII,, 
249 (Figs. 86, 87, 88, 89). 
air spaces of, 24 1 

— — apex of, 242 

bulb of, 240, 241, 243 

carpels of, 246, 249 (big 89) 

collenchyma of, 243 

conducting tiact of, 24 t, 24 ^ 

— — coitex ol loot ol, 241, 24 3 

cotyledon of, 248, 249 

cuticle of leaves of, 2 1.5 

dissemination of seeds of, 248 

— — embtyo of, 248 

— — embiyo sac ol, 246 (Fig 89), 
— ■ — endodernus of, 242 

endosperm of, 248 

epidermis of, 243, 245 

— - — fibious layer of, 246 

flowers of, 240, 245, 248, 249 

fusion-nucleus of, 248, 

gametophyte of, female, 247 

— male, 249 

integument of, 248. 

leaves of, 240, 245 

life-histoiy ol, 248. 

* loculus ol, 246 (Fig 89) 

megagametophyte of, 247 

— • — megaspoies of, 249 

microgametophyte of, 249. 

microspoies of, 249 

nucellus of, 246 (Fig 89) 

ovary of, 246 (Fig 89) 

ovules of, 246, 249 (Fig 89). 

ovum of, 247, 249. 

passage-cells of, 242 

— — perianth of, 246. 

pericycle of, 241. 

piliferous layei of, 241 

pollen-giains of, 246, 249 

pollen-sac of, 246, 249 

— • — pollen-tube of, 249 

— - > — pollination of, 247. 

piotoxylem ol, 241. 

1 oot of, 240, 241 

root- cap of, 242 

ioot-hans of, 241. 

seed-coat of, 248 

seeds of, 248 

speim-cells of, 247, 249 

, "s of, 246 

staich in, 243. 

stem of, 243 

stigmas of, 246, 249, 
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S tibia nut am , stomata of, 243. •■>45 
styles of, 246 

— — suspensoi of, 248 

syncai pous fi uit ot, 248 

Sclcnenchyinn, 152 

Section, optical, 6, 74, 89, 120, 

Seed, 2ii, 212. 

— oi Pmus, 206 

Ranunculus, 230, 236 

-- — Sell la, 248 
Seed coat of peas, 269 

PinuS, 206, 209, 2T2. 

Ranunculus, 236 

* Sulla, 248 

Seed cones, last tlnee 01 moie seasons, 
204 

— of Pinus, 204 

— leplace long shoots, 204 
Seed- Plants, 213 

— and ferns distinguished, 178, an. 

— • sub divisions ot, 215 

B Seed scale coriespmds to ligule, 203 
Seeds, tianspoit of, 274. 

Segregation of doten mutants, 264, 278 
Set a ^wolla nuvtemu "Lectin c XXI, 

170-178 (lugs 41, 45,46, 47, |8, 
19d5°) 

aichegomum of, X76 

- — antheudium ol, T77. 

bast of, 173 

— - ehloioplists ol, 172 

conducting tract ot, 173 

embiyo ol, 176 

endodetmis of, 173 

— — fertilisation of, 176, 178. 

toot of, 176 

gametophyte, female, 176. 

— - — — of, male, 175 

get mutation of mega spot es of, 175 

microspores of, 175 

— heterosporous, 178 
- — - leaves of, 171, 173, 

iigule of, 17 1, 273 

megasporangia of, 173, 

megaspoi es of, 173 

~ - — microsporangia of, 173, 

— — microspores of, 173, 

— — ova of, 176. 

piotoxylem of, 173, 

— — ihi/ophore of, 17 1. 

— loot cap of, 173. 

— — spenus of, 175 

- - sporangia of, 172, 173* 

— — sporophylls of, 173. 

— — stem of, 172. 

- suspensoi of, 176, 

— - tapetum ot, *74. 

tracheids of, 173. 

Selection, natiual, 277, 

Self, 262 


Semi-pcrmeabthty, destiuction of, 15, 16, 
bcmi-petmeable membi anes, r \ [93, 99 
Sepals, 230, 246 
Seta, 140 

Sexuahepioduclton, 39, 72, 109, no, in 
and asexual repiocluction con- 
trasted, ill, 112 

hungei stimulus and, 40 

of t hlamydomonas, 39 

— Fucus, 107, 108, 109, no, in 

— — - — Mucor, 9p 95 

— Pemcilhum, too, 101 

Polysiphoma, 117 120 

Spnogyia, 72 

— Vaucheria, 87, 88, 89 

— Volvox, 79 

oil gm of, 40 

Sheath of bundle 01 conducting tiact 
— * — Aspidmm, 152 

— — Ranuneulus, 217, 218, 219 
Sieve plates, 150, 220 

Sieve tubes, 150, 220 
Sol, 21, 22 

Solution of uystalloids, n, ts, or, 

S meat -pi epm at ion, 27, 56, 64. 

Soma, an exciescence on gcirn cells, 82 
Somatic cells, 8t 

diploid, 253 

Soius, j6i 

Soul mg of beei and wine, 65 

milk, 65 

Species, immutability of, 271 

— mutable, 276* 

— otigm of, 270 et suni 

252. 

Spireme, 253 

Spuasyiti par ti tah\ Lectuie IX , 67 74 

(bigs, xi, 12), 

_ cc ii division of, 70, 

cell wall, 68, 70, 71 

— — cliloioplast of, 68, 69, 72 

conjugation of, 70, 71, 73 

— — Lonjugation-tubes ot, 73 
•— — holophytic, 69 

— — metabolism ot, 69 

— — nucleus of, 69 

photosynthesis of, 69 

pyienoids ot, 69 

— leconstiuctiouoi tiansveise section 

of, 68. 

— lepiochmuon of, 70, 71 

— — i expiration of, 69 

— — sexual dideteiUiation of, 73 

— suekei ot, 71 

wash* pmducts of, 6tj. 

— - /ygospoie of, 71, 72 
Spongy paienchy mu, t5 r i 
Spontaneous generation, 58 
Spoie, 25, 26, 39, 
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Spoie of Aspidium, 163 

— • — Chlamydomonas, 39 

Funaua, 136 

Marchantia, 131 

— — Mucor, 94 

Penicilliuni, ioo, 101 

— — Selaginella, 173 
Vaucheua, 87, 8q 

— — Volvox, 78 

— — yeast, 215, 26 

— icsistance ot, 26 

Spore-mothei cells, reduction mitosis in, 
r 2 55> 2 56, 257 

Spoiogenous cells, derived from oosperm, 
250 

of Aspidium, 163 

— Funaria, 140, 141 

— Maichantia, 131. 

Pmus, 201, 202, 206, 209 

Ranunculus, 231, 234 

— . — — Scilla, 246 

— Selaginella, 173, T74 

1 eduction-mitosis in, 255, 256, 257 

Sporophylls, 167, 173, 201, 212,2x3, 236, 
249 

Spoiophyte, 142 

— diploid, 257 

— ol Polysiphoma ( — Teti asponc plant), 

1x9 

Stains, acid and basic, foi nuclei, 251 
Stamen ( = microspoiophyll), 231, 236, 
Staich m Aspidium, 149 [246 

Chlamydomonas, 3 7, 41, 43 

Rlodea canadensis, 43, 47 

Marchantia, 124 

Pinus, 182, 184, 195 

Polysiphoma, 114 

Ranunculus, 217, 220 

Scilla, 243 

Spuqgyra, 69 

— — Volvox, 78 , *4. 

— a gel, 22 

“ Steamer," 59 

Stereo-isomeis, disco 1 ! ei y of, 102, 
Stenlisation, methods ot, 59, 60 

— pnnciples ol, 56, 58, 59 
Stigma, 233, 234, 235, 246 
Stimulus of giavuy, 93, 94, 126 
hungei, 40 

light, 38, 126 

Stomata, 140, 143, 154, i8r, 21b, 222, 

2 43» 2 45 
Stomium, 162 

Streaming of protoplasm, 48 
Style, 232, 234, 246 
Sub-cultures, 62 
Suberin, 198 

Sucrose, inversion of, 30, 34 
Surface actions of colloids, 21, 22 
Suspensions, 21 


Suspcnsoi, 176, 208, 239, 2|8 r 

Sweetwoit, 26. 

Synapsis, 255 

° 48 

89) 

Syneigidm, 234 
Synthetic forms, 170 

lANGFNTlAI, section, 188, 197 
Fapetum, 17 {., 23 t 

lartaiic acid changed by Penicilliuni, 
iot 

Tendrils of leguminous plants, 272 
fetraspoies, 116. 

1 hatamus, 230 
lhallophyta, 121, 133, t 68 
lhallus, 122 
Iheca, 140 

Toius of pit-membiane, 193 (Fig 58), 
liaclieids, 149, 173, 193, 195, 196, 197, 
199, 221, 228 

Tnidcsicuiiux vnqinutna, leaf-opicleinns 
of, I, 4 (I‘]g 2) 

— root apex of, 242 (I'lg 87) 
Tianspnation curi cut, T56, 157, °28 

— function of, 1 37 

Transport of organic substances, n6 
— ■ — stimuli, 77 
Fnchogyne, 117 

Tube-cell of pollen-gram, 207, 235 
Turgor, 15 
lyndall, 58 

Ultra-microscope, 21 
Umcellylai pHnts, 75, 

U msexua'f plants , u 1 

Use and'disusf, theoiy of, 277 

Vacuoles, 7, 15, [8 

— contents of, 

— contractile, oj. Volvox, 77 

vacuojSfs’ol Chlamydomonas, 37, 

Vagina, 140 1 t , [5 1 * 5 2 

Vascular bundle See Conducting tiact 
Vaucfyena ,scs\ihs Lectuic XI , 83*90 
* „ fFig 16) 

yunthci ldium of, 88 

asexual leproduction of, 87, 89. 

cell-wall of, 84, 85, 86 

chloroplasts of, 84, 85 

— — cytoplasm of, 84. 

division ot labour in, 85 

growth of, 86 

nuclei of, 84, 87, 88 

oil diops of, 85, 86 

oogonium of, 88 

— — photosynthesis of, 85 

respiration m, 85 

lhizoids of, 84, 85 

* sexual reproduction of, 87, 88, 89 
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l 'mu / m w \ w//\, tiansveise septa in, 86 
~ - • v.H uole of, 84, 

/oospoic of, 87 

Ventilating pores oi Mai chant ia, 123 
Vessels, £21, 228 
Vestigial stun. lutes, 273 
l o/vo\ autius Lecture X , 75 82 (Figs 
* 3 . IS) 

- — asexual iepi oduction oi, 78 

- - cell-wall ot, 76, 77 

- - cilia of, 77 

- — embryo ot, development of, 79 

- - teitili&ution of, 81. 

— ■ motion of, 76 

- number ot cells in, 76 

- ova ot, 80 

* - - photosynthesis ol, 78 

protoplasmic connections of, 77. 
iepi uductive cells of, 81 

- icspnation of, 78 

1 espouse to light of, 77. 

- sexual repiocl uaion ol, 79 

- si/e ol , 76 
somatic ci 11s of, 81. 

- spei ms of, 80 

- sliucUne ot, 76. 

WAiifU, cohesion-theoiy of ascent 
163, 224 ft wjw 

«— cohesion of, m annulus, 163, 


Water, needed for fertilisation, 130, 131. 
138, 164, 165, 167, 175 
path of, in Pinus, 190 
Ranunculus, 224 

— laised in Aspidium, 156 

Ranunculus, 224 ct seqq 

— tiees, 227 

— tenstle stiength of, 224, 227 

— transmits pull, 156, 224 

Wood (= xylem) of Aspidium, 149, *55 

— of Pmus, 186 

Ranunculus, 217, 220 

— parenchyma, 151, 155, 221 

— primary, 186, 187 

— secondary, 186, 187 

— sections of, 195, 196, 197 

— spring and summei, 187 
Wing of pme-seed, 206 

Xantiiopiiyll, 46 
Xylem See Wood 

Yeast See Saccharomyces Lectures 
III , IV , 23-34 (Fig. S) 

Zoospores of Vaucheria, 87 
— Zygote of, 8, 265 
of, Zymase in yeast, 33 

Mucor, 96 

Penicillium, 101 
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